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CRISIS IN SCIENCE AND MATH EDUCATION

THURSDAY, NOVEMBER 9, 1989

U.S. SENATE,
CoMMITTEE ON GOVERNMENTAL AFFAIRS,
Washington, DC.

The Committee met. pursuant to notice, at 9:30 a.m., in room
SD-342. Dirksen Senate Office Building, Hon. John Glenn, Chair-
man of the Committee. presiding

Present Senators Glenn, Nunu. Bingaman, Kohl, Lieberman.
Roth, and Heinz.

OPENING STATEMENT OF SENATOR GLENN

Chairman GLENN. The hearing will be in order.

Twenty-five years ago Lyndon Johnson, who had been a former
school teacher himself of course, said, “We have entered an age i
which education is not a luxury permiiting some people an advan-
tage over others It has become a necessity without which a person
s defenseless in this complex, incdustrialized society "

I believe that is truer today than ever before. In fact, 1 believe
that science education 1n particular has a role to play in, as an-
other educator put it, “'making 1t possible for children not to be for-
eigners in their own culture.”

Interestingly enongh, the last time the United States devoted
any attention to the quality of math and science education was in
the wake of the Sputmk iaunching And now. 30 vears later, the
United States again face. a crisis in science and mathematics edu-
cation.

Now, why should this concern us? I suppose we think the an-
swers are obvious, but the United States now operates in a global
market that places a high premium on technological innovation
When the United States was a colonial village, as it once was back in
the earlir davs. 1t made httle difference whether or not anybody
even came through that particular town from one year to the other,
because the wobbler was on one street, the buggy maker was on
another. wrd the cabbege @ruwer was just at the end of the village

Then we went to where the cabbage growers were in the Imperi-
al Valley in Cabfornia, the cobblers were in New England and
parts of the South, and the buggy makers were in Detroit And now
we have gone to where the buggy maker is 25 percent Japanese.
We don't even make shoes to speak of in this country any more—
they come from Korea and Italy, and we send hundreds of millions
of tons of food all other the world.

R Y]
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The United States exists in a global community now. We may
not like that sometimes The long term competitiveness of this
cou’ ‘ry will require that we sutcompete other nations arvund this
world 1n ecducation and in Lasic fundamental research. Those two
things were hallmarks of why we developed the way we did.

More than 70 percent of the goods manufactured in the U S. now
compete with merchandise made overseas. Consider also our stag-
gering trade deficit, the very measure of U S. competitiveness over-
seas. How s this country going to be able to compete with our trad-
ing partners if we cannot pi.duce the scientists, the engineers, the
technicians necessary to make internationally competitive prod-
ucts? And if we cannot compete in the global market, how are we
going to provide good jobs for our citizens, or generate the tax reve-
nues .0 help clean up the environment, fight crime, provide health
care, or defend the country.

Today you are will hear that too many of our ycung people are
illiterate 1n both science and mathematics You will also hear that
this country may not produce enough scientists, engineers and
technical personnel tu meet the demands of our industrialized high
technology economy Every new repourt un American education pro-
duces another horro story that has to make sou wonder how did
we ever let it get to Jhis?

The same Nation that landed @ man on the moon and returned
him safely to earth educates fewer than one out of every five high
school graduates in the law: of physics The same Nation that has
produced more Nobel Laureates in chemistry than any other
Nation lets half of its young people graduate from high school
without taking a single course of any kind in chemistry

And finally., American school children are routinely outper-
formed 1n international comparisons of science and .nath perform-
ance by students from our chief trade rivals In fact, this country
graduates 700,000 young people every year that are functionally 1i-
literate.

Dechining birth rates and interest 1n scientific careers among
voung American people, plus increasing numbers of students fiom
yroups traditionally underrepresented 1n science and engineering.
rnamely munorities and woumen. purtend an almust certain shortage
of scientific personnel

Science and math education is critical to U S economic prosperi-
ty OQur factories and laboratories will need a first rate technical
worx force. and we must overhaul science and math education in
this country if the next generation s to prosper i1a an increasingly
competitive world.

First, we need national leadersh.r to focus attention on the quel-
ity of science and math education That is why Senater Hatfieid
and I introduced Senate Concurrent Resolution 52 that declares sci
ence and math educatiun a national priority. Moreover, the Presi-
dent and uther public officials should use their bullv pulpits to
raise the stature of educators. scientists and teachers in our socie-
ty

Even modest gestures, I think, are called for They may bea:
fruit Just as an example, I think the public would begin to get the
message if the Presicent—any President, Democrat or Republi
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can—spent as muchn time appearing on television with teachers and
Nobel Laureates as they do with Super Bowl champions

For my part, I have p-oposed that the National Science Founda-
tion award Congressional scholarships for science, math and engi-
neering to two high school seniors from every Congressional dis-
trict in the country. My bill, S. 134, is important not only because
it would produce a thousa:d kids a year better educated in the sci-
ences and math, but it also sends a very important symbolic ges-
ture. These scholarships send a message to our young people that
sclentists are important to our economy and our national security

Scholarships. or even trips to the White House, by themselves
will not eradicate science iiliteracy or close the leaks ia the techni-
cal pipeline.

To accomplish that we must look to the beginning of the educa-
tion pipeline for the source of the preblem as well as the solution
One of the greatest obstacles to getting more young people—espe-
cially female and munerity students—interested in a technical
career are the science and math courses themselves. Luckily, pri-
vate efforts are underway all over this country to rewrite, reform
and reimnvigorate science and mathematics curriculum It is my
goal to make these developments available to all schools and all
teachers

This month Senator Hatfield and 1 will be introducing legislation
that would bridge the gap that now exists beiween the Ivory
Towet, laboratory-nke settings where science as math curricula are
trequently developed., and the real werld out there where it is
taught Our regional consortia would bring state of .he art science
and math curriculum to the attention of the Nauon's classroom
teachers

Senator Hatficld and 1 will also propose the establishment of a
National Clearinghouse tor science, math and technology edt  ron
matertals Its goal to provide a central hbrary and a databa.c ot
the Nation's mode} science programs

Now. Ull close my opening remarks by quoting one of America’s
urestest writers. and interestingly enough. a person who had very
Little tormal schooling He said. "Out of the public school grows the
Jteatness of the Nation

I* was no joke he was trving to make at that dme  the man was
Mark Twam, of all people “Out of the public school grows the
greatness of the Nation.”

It that 1sn't as true today as it vnce was, then we have let our
voung people down Somewhere along the way our generation
forgot what made this country stand apart from others We now
have the responsibility to prepare succeeding generations to be able
to excel m an increasingly technological culture, and 1t is our
burden to repan the schools

So. that 1s 2 rather lengthy opening ~tatement, but [ think it sets
the stage for the experts that we have here todav

ssenator Kohl?

OPENING STATEMENT OF SENATOR KOHL

Senator Kost. Thank you, Senator Glenn We all commend vou
ior colling thus hearing, because we ail care deeply about the
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future of science and math education in our country. Obviously,
there 1s nothing more important to our future than the education
of our young people. The failure to reach our young people through
education has reached nightmate proportions right here in our own
city of Washington, D.C

What do we read about our young people maost? That they are
dealing death to each other with bullets and with crack. And yet
the economy of the Washington area is booming. There are thou-
sands of jobs available out there. Unfortunately, these kids just
aren’t being prepared to get these jobs. They don’t have the math,
science or technological skills They aren't learning the skills, and
saddest of all, we are losing out on their potential

There are young people out there cutting raw coca.ne with
chemicals from the local hardware store They are manufacturing
new highs and new products by soaking marijuana in ever chang-
ing agents, and each of these new drugs is more addictive, more
deadly, and less costly than the last.

How is 1t that we have failed to tap that ingenuity, that sense of
experimentation” }ow 1s it that these kids who can measure grams
and kilos and can figure out complex monetary transactions cannot
pass a simple math or a simple chemistry test?

With the right kind of education, these streetwise kids who are
ouilding marl.etplaces out of their neighborhuods could be contrib-
uting to cleaning up vur environment They could be developing
chemicals that save lLife instead of cheniicals that take 1'fe. And
they could be working wich large database computers instead of
dropping quarters intv arcade games or pushing cartridges into
Nintendos

With jobs in high technology firms they might even lead the way
to a new future for themselves and for vur country With the right
skills there 15 a whole world of opportunity that duesn’t involve tne
hfe and death risks of the drug market, and . ey can make a
decent and honest hiving

But this 1s not a problem that is limitea to urban areas like
Washiagton, D C, nor s 1t confined tu any socioeconomic group
The stats we have all heard so much about tell us that the prob-
lems of math and science education goes beyond the issue of the
disadvantaged Even the high school students who do best in the
United States rank poorly compared with other countries, so 1t is
not Just the poor kids, but all of our kids who need better science
W.- have .0 boost our best to meet the increasing demands of u
changing glubal socrety, and the classroom 1s the best launch vehi-
¢le available to hift our kids and our country into the future

And so it 1s very appropriate, very meaningful, very important
that we have these hearings here this morming, and I'm looking
forward to hearing testimeny and asking questions.

Thank vou very much, Mr Chairman.

Chairman GLeNN Thank you Senator Bingaman, do you have
any remarks”’

OPENING STATEMENT OF SENATOR BINGAMAN

Senator BiNGaMaN Thank you, Mr Chairman I do have a state-
ment I will put in the record

IToxt Provided by ERI




O

ERIC

Aruitoxt provided by Eic:

o

-

i

Let me compliment vou on holding this set ot hearings We are
~ weeks from a new decade. an” 1t s entirely appropriate that
once again we try to reinvigorate .ae Nation's attention to educa-
tion, and in particular. science and math education Your com-
ments about how public officials, the President and others could do
a great deal by merely highlighting the importance of teachers and
Nobel Laureates in our soctety, rather than Super Bowl champions,
was excellent

My faiher taught college chemistry for 45 years, and he always
liked to say that “Football is to education as bull fighting is to agri-
culture.” And I think that 1s another way of saying the same thing
I appreciate the chance to be here and look forward very much to
this excelient testimony

{The prepared statement of Senator Bingaman follows |

PREPARFD STATFMENT 0F SENATOR BINGAMAN

i Chatrinan, | want to commend you for holding this hearing today and for
bringing together such ar impressive ind knowledgable group of witnesses The ex-
perts we will hear trom today have much to teach us, and we 1n the Congress would
do well to hsten caretully to them and heed their advice

We must listen and, more importantly we must take action We must take action
beeause 1f we do not—1f we continue to gnore the warning shots that are exploding
Al around us—our nation will suffer such damage that n hikely will never recover

Without question the need to rmprove our nation’s science and math education
wstem 1s urgent and mmpertant We simbly must give a higher prionty to remain-
ing o world ieader i sdence  engineering and technology  And we cannot do this
withaut giving an cqually high prionity to the edusation of our children

I THF SCIENCE AND MATH CHATLENGE

The importance of science and technology 1n our modern world 15 indisputable
W hen the history of the 20th centurs s watten | believe will be recorded as the
centursy in wiich saence ard technology dramaticaily and permanentlv altered the
Laves of all of mankind

None of us eraggerates when we sav that the nations that lead 1n ~Qence and
technology will inesitabiv lead economuaally and militarily as well It follows that
the nations which tali bebind 1n saence and technology also vall tall behind eco-
nomically and militarily

But 1t 1~ important to remember g count-y that leads i science does not siply
arowuce Nobel laureates That i< eniv part of the measurement of success

A countny that leads in science must also lead in applying new scientific knowl-
edgge - in putting new techpology o use And for 4 country to lead i applying sa1-
ence ' must have a reasonable level of general saentific competency within 1t
entire population

Mr Chairrman given that we all agree on the impertince of science and technolo-
v 1o our nation ~ future economy and future security | believe that we must b gin
1 sertously address some obyvious questions

How are we doing’

Are we stll preeminent a1 these fields’

Are we domng what we should to mamtain a leadership position’

 nfortunate.y. the answers to these basic questions are not €ncouragiing

We are no longer preemiment 1n many key fields of science We are not taking the
“teps we need to take to maintain a leadership position

In his book. *The Business of Science,” Stmon Ramo traces our country s perform-
ance in science and technology over the last three decades

In the 196tis, Ramo writes, scientfic preeminence was a major national goal By
the end of the decade, tew doubted that the US led the world 1n virtually all areas
of scientific discovery and 1nvention The launchiny of Sputnik by the Soviets and
the national commitmnt to send a man to the moon wete major factors 1n our
drive for preem - nce

Throughout the 1470s we contintied to lead But by the beginming of this decade—
the 1980s--our lack of priorities and our complacency with previous successes began
to take therr toll
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And as the 1900 diaw o a Jdose Simon Ramo s assessment of our vositiim is so
be.ing He states = <0 many others have al o <tated
In recert decades the United States has lost its position as global champion in
technul gy and has becoinc an aserape pertormer  winmng some contests but losing
A XY
What has happened’
Part of what has happened i~ that tne focus on saence engineering sind technolo-
2v. which (haracterized pubhc ~entim :nt in he 19605 has beer los
We have annherent beliet as Ronald Reapan said so often during his presidencs
Given a level plaving field Americans can out perfornn and oat compete anyune i
the world
Unfortunately, we hav allowed this seltconfidence to persuade us that, unithe .
uther nations we du nout need to set nativnal priorities or goals We du not need to
make plans to achteve our objectives
We falsels believe that being the wotld weader s our %1 thright We Jeave the
planmng and hard work tu others
It 1= time o forget about birthrigh's and to woia lor what we deserve Just as our
parents and grandparents worred to mahe this country great <o too must we work
We must once again locus on creating and tuproving the technological baise needea
to be a world dass econome power

11 THE SOfLTION

I am hopetul Mr Charrman that todas < witnesses will help us sharpen that
focus The Congress peeds this assistance because 1 beneve it will be left to us- the
members of the Houre and the Senate together with the <tates- to take up this
tasn

I hope T am wrong but [do not believe we caan realistically expect the adnunistra
tion to do much of what needs to be done

In tact, duriy this decede the greatest talure of jeadership we have experienced
in sctence ard math education has been within the adnnistration

Asvou recall, this decade began with Ronald Reagan < pledge to abolish the U S
Department of Lducation

The position clearly waas that lederal involvement i education should be terma
nated, or at least substanuaily dimuniched And it was

I hope that we can turn this trend a.und With vour guidance, Mr Chairman
and with the help of experts ke those gathered in this room todday, 1 believe we an
turn this trend arvund We can recreate a svstem where the federal government
will onie apain work in partnership with states t help meet the challenge to su
ceed in the saen ses

- ad, we can already point to sonie successes In myv home state of New Mexiwco
for exampse 1 Suence and Technology \hance  has been furged botween educa
tional institutiens and our national laberaturies

Through the Adan ¢ New Mexico « Highlands University and Luna Vocativnal
Technucal Institute eve yuined with Los Aames and Sandia Natwonal Laburaturies
tu pursue a program ponsured by the Department of Energy that will help increase
cructally-needed minoaty representation an the Departoient's raentific and engy
neerny programs

Anuther sutcess 1 New Mexiou s the esteolishnient and invigurating continu
atiun of the Centers of [echnical Excellence’ at three of the Cate's universities

But dearly, we cannud stup these We must strive for more 1 beheve we all should
be working toward four basic steps, and 1 would be ints rested 1n the withesses com
ments about these  core steps

First

We need o develup a better method for nieasuring and assessing the condition of
saence and math educativn nationally and among individual states. {from year tu
vear

Throughout a recent set of heanings un the quality of vur nativn’s education ini'.:
matiun and statisties gathening effurts, which 1 chaired in my capacity as chairniar,
ot the Guvernmental Affairs Subcommittee vn Government Infurmation and Regula
tion, ! heve been struck by how incunmiplete and fragnientary our informeivnal base
15

We need 10 know the level of effort in each school

We need an vbjective appraisal of huw much vur students are learning from year
1o year

Most importantly, we need tu know the cundition of vur teaching foce, whach s
given the difficult task of instrueting our children in the e subjects
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Wy need 10 <ot some realisic but ambitious goals for the next 10 years and
bevond  Attes determining where we are today we need to set yoals -not only to
ineredse basis hnowledge of math ang ~Gence but to really hedp ~tudents who will
pursue careers in these fieias

Nationwide of every T 00 vouny people who will graduate from college this vear
onhv about seven will pursue o« career i saence or cgineenng

In Germany  the hyruare s 25 out of § 000

In Japan 1tis 10 out of 10

It~ o wonder that we are fosing round nour competition with those nation s

Thurd

We need o mmprove tunding for e teaching ot these vital subjects We neod to
casire adequate salaries for the 1 p’e who de that tead by

Fourth

We need to continue developuy innovative wavs fo, our students to benefit from
the ~aentific talent and the tremendous research act vty that exasts throughout our
country in every state

The legistation vou propose Mr Chairman w 10 a long way toward resching
this goal We amphy must coordinate tedera? education torts and network our re-
wurces 1 atrongly support vour legislative suggestions to convene an interagency
Comnittee of tedetal misson deendes  to coordinate saence mdath and technelogy
education at the federal leved and to establish recional networhs of consortia 1o pro
vide ~chools with + iy needed assistance as thes undertahe critical reform efforts

LD O S 1 (R

Mrof s e Doem wel aware thiat setting goals and proritics sparks argument
~ome will agrec wirb the prorities T hve breflv descnbed Others will disagree

Bat the aite raative to setting, these priortties 1= unthinkable It s to continue to
dreft 10 s to contimue to assene that we will remain g world leader without making
the hind of soneerted etfort other countraos around the world are making Oratasto
tesumme that m LLtarnng o tcadorshap position in these trelds i~ not mmportant to
car o ourto s future

| tetect all of these suggestiors

| belrese orr country can mieet the chilense T honove we can be leader ' the
Srgoiny soentitin revolution

We cat be o leader it we scrously conriet ourseives te worhing persiste stly and
reatively tow ard this nationas goel With tho gudance ot those here today I am
Cntdert that we will achieve nur poals Thank vou

Chatrman Grexa Thank sou Senator Lieberman”

OPENING STATEMENT OF SENATOR LIERERMAN

Senator LirsrrMan That's a teugh one to follow. Mr Charrman

I al=o thank vou for convening these hearings, and may 1 say 1t
~eems particularly appropriate. historically, that you are *oking
the lead in directing the attention of the Congress and the people
of the United States toward the gaps that we have in science and
math education The last time we were faced with this sense of a
technical and scientific gap 1 our knowledge was after the Soviets
launched Sputnik And vou. obxiously. were at the lead in Amen-
¢a's response to that challenge.

Today probably for the first time since then | think we have a
growing sense of our science and math illiteracy and the way n
wiuch 1t affects our international standing When Sputnik went up
we were ternfied because of what 1t said about our abihity to com-
pete with the Seviets militarily Todav we are beginning to be
alarmed—alt’. ugh there has not yet been anything quite like
Sputnik to jur us ato action—about our ability to compete eco-
nomicalls in the world. part.cularly with the reborn nations in
Asia and Europe
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I thank you for your leadership and I hope as you led us out of
that crisis you will ead the Nation from tke United States Senate
out of the one we are :n now. The reality is that the American
people understand the threat. I'm sure you saw the poll that came
out this summer--I. frankly, forgot who did it—that said that more
Americans were worried today about the threat of economic compe-
tition from Asia than they were about the threat of military com-
petition from the Soviet Union

While there are many things that we have to do as a Nation to
better compete and maintain our economic predominance in the
world, such as increasing new investment and Increasing savings
and increasing motivation. clearly one of the things we have to do
to compete economically 1n the world is to increase our level of sci-
ence and math and technological awareness

I have a statement that 1 would like to include in the record
which documents the various sad statistics of how poorly we do
relate to the other industrialized nations of the world in our sci-
ence and math ability I'm reminded of something that President
Johnson said, Mr Chairman. which is that “"We must open the
doors of opportunity but we must alsc equip our people to walk
through those doors ™

T think Senator Kohl has very accurately documented the fact
that there are many doors of vpportunity vpen 1n this country but
we are not equipping our people to waik through them [ hope out
of these hearings we can come up with some 1deas about how we
might better accomplish that and better maintain our economic
-rrength and therepy the basic standard ot uving of most American
tamilies

Thank you

iThe prepared stateinent of Senator Lieberman foriows .

PREFARFD STATEMENT 0F SENATOR LIEBFRMAN

Mr Charrman not snce the post 1957 launch ot the Soviet Sputnikh has there
been ~uch an ntense focus placed on the decreasing  technical and ~entific hiter
ay  of this country s young people In 157 the focus was the result of a conten-
tivus wold war relationship with the Soveet Union In 198 we find vurselves with a
similar focus. but this time as the result ot the declining ability of the United States
to compete 1n the gloval marketplace

Mr Chairman econumists and econumic indicators suggest that the United States
may be lusing its global economic predominance. and many assuciate this deteriora-
tion with the decline of our educativnal system For more than 25 years the United
States has experienced a lower rate of productivity growth i manufacturing than
Japan West Germany. the Unitea Kingdom and uther European countries Similar
Iy in recent years US students have been vut perfurmed by students frum Japan
West Germany. and the United Kingdom in virtually every major assessment of s
ence and mathematics educational achievement

We must recognize that excellence in education is the foundation uf econ mic
growth [ vehemently agree with those who argue that a greater commitmeny tu re-
search and development. an increase n the national savings rate. and elevated
levels of investment are all indispensable components of expanded productivity. but
we cannot hupe tv improve vur global competiiveness without first addressing the
training and preparation of vur future scientists, Lhysiusts chemists. and eng
neers

A recent survey by the National Science Teachers Association. which is represent
ed there today. concludes that of the 24,008 high schools in the US . 236 percent
offered no physics (ourses, 175 percent offered no chemnistry. and approximately *
percent offered no courses in biology ' Additionally. surveys suggest that only 607
of US students take bology. 307 take chemustry. and only 157% take physics’
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In mathematics the Nati.na, Research Counal reported that non-US citizens
whu take the Gracuate Recurd Examination :n mathematics average 100 points
higher than US students. and that the ma.hematics achievement to the top 5% of
twelfth grade students 15 lower in the United States than in uther industnalized na-
tions The average twelfih grade mathematis student in Japan out-performs 95°%
of comparable U S twelfth grade students

Aithough nat directly relate.. 1 recently read an article in which the author com-
mended a high sheel for h.ing the first publi school in Conrecticut 10 add a se-
guential Japan-se program tu ther~ permanent curriculum Next year. according to
the sriicle off crals hope v expand it to a two year program Programs hke this
<hould be the norm. -... the excepuon. if we are to compete in the global economy

In order to improve vu students educational achieve.nent. particularly in the
areas of science and math. we must look at vur entire educational system We must
review the curriculum. the instructors and the ways 1in which we motivate students.
especiasls those students whu are most iihely to drop out or otherwise :gnore educa-
ticnai opportunities

It s alarming to think ot what 1 1n store fur the future when estimates suggest
shatonly 2% of the (lass ¢f 4 million hizh school sophomores front 1977 —just 9764
students —will recene doctoral degrees 1n ~ience and engineering n 1992 There
~,ast be a 4@y to heep more than % of vur stidents in the <cienc> and engineer-
.ng ppeline  az 1t 13 often called

Fina .v Mr Chairmar President | yndun Johnwon once said that  we must open
Tre door~ & pportuniiy But we must ulso equip sur people to walk through those
goors We spend 4 sot of ume dehiberating on growth and opportunity but we
rarety colmder The TeGu.~te compunents necesars to achieve such growth Cloaidy.,
excelience n soien » mth enzpeenng wd techrelogy s an indispensable part of
srat Lermula

Chairmar GigNN Thank you much Senator Heinz. any com-
1aent’

Senator Heinz Mr Chairman. thank you 1 have a statement
which I wouid ask unanimous ronsent be put in the record

Chairman GirNy Witbou. objection it vali be entered in the
recerd

OPENING STATEMENT OF SENATOR HEINZ

Senator Heinz I certainiy join our colleagues. Mr Chairman. 1n
.ommending you on holding this timeiy hearrng I will not take a
lut of time except tu ubserve that most of us share the concern ex-
pressed by the Senator fiom Counnecticut. Mr Lieberman and
others about the ability of this country to cumpete To oversimp.ify
it somewhat. there are three factors above all—arn economist will
tell vou—that are going to determine this country’s ability to be
competitine They are labor. management and capital. These three
tactors when multiplied together give you economic success or fail-
ure depending on what the particular inputs are

In terms of labur. there are really two components that deter-
mune productivity One. of course. is Intangihie —motivation or atti-
tude—and the other 1s educarion In our increasingly technical
aorld there is nothing more important than having technically
trained minds In order to make :t possible for this country to be
for all intents and parposes effective in international competition.
we must begin educating our young people. technically. at an early
age—1f not we are at risk of lusing a great deal! of human capital
potential

So I think this subject is essential and vital and I am delighted
vou are holding it

{The prepared statement of Serator Heinz follows |
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PREPARED STATEMENT CF SFNATOR HEINZ

Mr Chairman, I am pleased to join you this morning for this hearing « .1 science
and math education

It is rather sobering. Mr Chairman tu add up the recent findings from a variety
of studies and reports assessing the critical thinking and technical skill level of
today s students All of us here undoubtedly concur that we have pefore us an
alarming scenario

The numbers discouragingly llustrate vur Nation’s deficit in the criticai techno-
logical areas reflecting most Americans are mathematically and scientifically illiter-
ate

NATIONALLY

More than vre-quarter of i3-vear-olds fail to demonstrate an adequate under-
standing of the content and procedures in elementary school math | Crussroads in
Ameriean Education 2 ~9 Educational Testing Service!

In sclence classes, 417 of 11th graders and 60<¢ of Tth graders repurt never being
asked to write up a scivnce expersment independently  Crossroads in imerican
Education, 2 <9, Educational Testing Service!

Of the Nation s 24,000 high schools. 29 67 did not offer physics courses, 17 5% did
not o chemustry classes. and % did aot offer biclogy course “National Science
Teacher Associalion 1986

4 out of 1 Americans stup stedying math betore completing career job prerequi
sites Erembow “ounts 1= National Research (louncil’

Few soumdsters can use math tu solve eeryday protlems The Mathematics
Report (ard National Assessment of Educatic wal Progress NAEP . 6 =

INTFRNVATIO ALY

The top ¥ o Amer ap math students score at the Japapese
Smerid ‘o Set Natera Fdacateon Noems oy Dennis PoDosde
ber 10 9Ny

In Korea ™ ot orvear olds can use intermediate math shils to ~cive two-step
protiems compared o oniv 107 of their counterparts o the US4 World of o ffer
ences Educational Testing Service January 19\

107% of Korea~ to-sear-old scudents understand measurem- =t and geometry con
cept~ and are successtu!l at ~oiving even nore complex problems Less than 1077 ot
shose from the US have the ~ame skl teves ¢ World op Differences Educational
Testim Service January “'h4

More than 77 of the 13 sear-oi?~in Brrtish Co umbia and Korea can use scien
titl. procedures and analyze saentific data whiv oly 35107 of their peers in the
U'S demounstrate the same degree of compatence A World of Differences, Educa
nona Testing Service January [9s

Students in the Unted Kingdom report the most Rands-on science experiments
ind those 1n the US report the least involvement VW rld of Differences Educa-
tionai Testing Service January 1984

This ~ituation s only exacerbated by the tact of our vastly changrag, high-tech
uiobal market place The future of prosperuds economue xrowth anag our Nation - po-
si*1or 10 world markets will be dewermined by vur abilits to provide intelligent lead-
er<hip in anabstical and technological fields

In wddition to this America demographically 1> espe riendny, and will continue to
experience a feminzation of ou~ workforce Immugrants and minorities will also
m ke up a4 greater chare of the labor pool In iight of this fran~formativn vur educa
twonal svetem must be equipped to meet the challenge of providing the necessars
<kill~ to reach all those to be integrated 1nto our worktorce

Responding to our Nation » technology skill defiat will need o multifaceted ap
proa h on all tronts incinding Federal state school district leaders local ~chools.
and educators

Within Pennevivania 1 have discovered one such math initiative which I want to
highlight this morning for the.r fine efforts

Dr Regina Brunner and Charles Chapman math educaturs at Cedar Crest Col
lege In Allentown. Pennsylvania have designed « very successful grass roots pro
gram to encourage seventh and eight grade girls tu ~tudy math and to assist their
teachers 1n dealing with the technological eaplosion in the  'assrcom

Cedar ( rest an 1adependent hiberal arts coliege with a pro.ven track record in en
Courdging women to pursue math .elated careers became riyhtly concerned with vur
Nationts overall decining intere<t 1n math This decline 1» Hustrated by the fact
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that in 1970 more than 1,000 Amerncans earned doctorates in math By 1988, the
figure had plummeted to les than 400 Also, between July, 1986, and June, 1987,
fifty-one percent of the doctorates 1n math awarded 1in the United States were
awardea to foreign students

“MathConn'' 1s the immnovative p:ogram developed by Cedar Crest College “Math-
Conn represents a two prong solution to focus on the changing teaching methodolo-
gy 11 math, and to bring more women 1nto the equation (gedar Crest College 1s an
de. nstitution becuuse of the proven track record 1t has in the area of math and
related studies While the number of students mayening tn math and related fields
has declined nationally during the last 10 years, the number of math and computer
science majors at Cedar Crest has increased.

“MathConn 89" was successful in reaching more than 200 seventh and eighth
grade school girls nnd their teachers from 38 schools The students met in small
groups to iearn about meth-related careers and mmprove therr skills through grob-
lem discovery sessions During the same time, their teachers learned about the u.e
of technology tn the classrrom and motivational math techmques for use in the
classroon:

In hght of the success of "MathUonn %, plans are well underway for MathConn
90' with an increased number of participants Comrunity init:atives, such as

MathConn ' will contribute greatly . increasing the math and elated skills of our
voung people 1 compiement and commend Cedar Crest College on the responstble
leadership with this program to adaress the needs of our ever expanding technology-
oriented learning environment and workplace !

Sducational reform efforts supporting our scientific enterprise need to occur at all
ievels, Federal state ana local Such :mitiatives must prove equal to the challenges
of our mgh-tech, informatior era

\Mr Charrman. 1 look .o the comments ot our distinguished panehsts for the r
expert insight as to his we can energue . ur learniny enterpnse for the education
f thie Nation « futare pool of scientists and technicans

Chairman GLex~y  We ase have a statement from Senator
Sasser, who could not attend this morning. to be placed in the
recerd at this time

"The prepared statement of Senator Sasser follows |}

CIPEN I STATEMENT « ¥ SENATOR SASSER

A harman Meroness ot tre Commuttee and denn suished suests 1 want to
S o colleas see ~erater thenn od Separer Hatfieid for their leadership in
shas entesl area

The tuture of Tennessee 1~ dorectay Ced to our ability to win the battle for scientif-

ind tectmoiag b ompetercs W ultare 1> odr argest indiisty Farming s a A
ol busmess 6 lentessee [n 1957 Tenn omaee s agricultural exprrts wers more
char s m Al B arpang ind adribasiess Las been Te cotutinmized by technology
ey ttetame WMo ontinne o struggle To conduct our larming business .n a way
“hAL i~ pEnduchine Lost etficlent, safe and envirenmentally sound Success i all ot
tnese are. Adepends on comapeten.y In sownce math and technology

Tor - o6 i o' =0 a state with o heavy rnvestment in applied technology .n manu
pacturing In M.ri e Teanesses we have Nissan Saturn and Ford Glass In East
I- anecsee we hawe Alcra Industr os and Eastman Kodax From Memphe Tennes
wo Federal Express manages ¢ woridwuge network

Doportant ~cent = and technolai. Al irnovators have therr home n Tenressee
Ok Radge Natioaar Laboratores and the Tenaessee % alley Author’y are amonyg
.pe hest known

We are proud  the Tenpnmessce mer and wemen whn make up the work‘orce for
“hew great vodusities We are pard at work n Tennessé o to strengtien odr educa-
t unal system ‘o meet the needs of our wtudernts and our econonve fut ire Corcentra
tonen gettng toagel Jhe first ime an the primdy wrades has resulted 10 contin:
SOus TMProvAsIent L0 Saence ard math standardized test secres In 1'% Tennesses
<+ oned praders = sred i the Thth percentile 1n math computatioh «nd 65th e n:th
wprleation on the Star HHrd te + We are SUTVING Lo IMProve 4e1uss the boerd

{ welcome the testunony of *hese Listiaguished witnesses [ thans vou for taking
the tne t com - wdsv and iend vozr consdern axpert.s> o the.o proceedings

Thank voa Mr (hormaan

$)
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Chairman GLen:.. Thank you much Our first witness this mori-
ing v.ill be Senator Hatfield.

Senator, we welcome you at the hearing and, in fact, after your
testimony if you wish to join us up here on the podium and be part
of the Committee, why we would welcome you to do that.

I want to thank Senator Hatfield for appearing. If it sounds,
from what I said earlier, as though he and I are singing {rom the
same hymnbook, I think there is a reason for it. We have been
working together on this issue since last spring. 1 am proud to be a
original cosponsor of his resolution declaring science and math edu-
cation a national priority. And even more important than that, I
feel we have been working very hard on our major science and
math education initiative. And he and I both feel that we have a
proposal that could make a real difference.

So I want to commend him for his very interest in education and
his leadership on this 1ssue. Thank you, Mark, and we look forward
to your tesumony.

TESTIMONY (OF HON. MARK O. HATFIELD. U.8. SENATOL FROM
THE STATE OF OREGON

Senator HatrieLp. Thank you very much, Mr Chairman I would
like to have my statement placed in the record !

Chairman GLEnn Without objection, so he it

Senator HartrieLp. Mr. Chairman, Senator Kohl, Senator Binga-
man, Senator Lieberman, and Senator Heinz, I think that the pres-
ence of each of you here today demonstrates the keen interest tha®
you not oniy have in this subject. but certairly recognition as well
of the fact that we are facing a national crises, and a crises that is
further upon us than perhaps many people wish to realize.

Mr hairman. if I could be given just a nioment or two te give
an example, an illustration of the material that I want to cover
this morning Back 1n 1977 we had one of those seasonal recessions
in Oregon The following year I was elected Governor of my State
to try to lead the State out of this recession, which was based on an
over dependence of a natural resource base of timber production

1 called together, first of all. a group of educators, and we came
to the conclusion therc were two major gaps in the State’s educa-
tional program. One was at the community college level—Oregon
had only one at the time with a heavy emnhasis upon technical
education—not just the traditional vocationa, education, but more
than that, a kind of education that would lead to paraprofessional
programs and paraprofessional graduates

Secondly, we found that we were very, very weak in our post-doc-
toral programs. Even though we had three statewide universities,
we were diluting our educational dollar by duplicating and overlap-
ping our programs. So without the kind of revenues necessary in
our public treasury, we called upon Cregons industry to invest in
the technology necessary to maintain the progress in their indus-
tries. We launched a graduate center that celebrated its 25th anni-
versary last year, the Oregon Graduate Center And it has been
very successful.




Q

ERIC

Aruitoxt provided by Eic:

13

The community college program, with both its transfer and its
technological carriculum, gave us the opportunity to expand our
technical trainees and the person power pool necessary to meet o1 r
efforts to diversify the state's economy Mr Chairman, the area of
Portland, Oregon today is now the second hottest area, next o Sili-
con Valley of California, in attracting and in establishing techno
logically oriented industry And in part—and I would be less then
hunest if 1 claimed the full credit for these educational resources
that were developed—but a major part of the success of this diver-
sification effort for the state’s economy tracks back to the estab-
lishment cf those educational institutions.

The cries that 1 want to share today with you 1s not an either,
or siwation: 1 am proud to be a product of the liberal arts educa-
twon | did my undergraduate at a small liber al arts university I
did my graduate program at Stanford University in liberal arts
programs. and I taught in the field of political science in the uni-
versity for 7 vears of my life and I am here to say that it is not an
either'or crisis.

But I am here tc advocate the kind of action we should take to
strengthen our math science program, certainly not at the cxpense
of .b ral . -s, but as a necessity 1n so many areas of our national
life that we 1ve neglected for far too long.

I happened to live with graduate engineers during my Stanford
days in political science, and they were puzzled. My roommate was
from Dartmouth He could not understand why the graduate school
of engineering at Stanfurd required a course 1n public speaking and
a4 course tn pulitical science, because to hun as an engineer. it had
nu relevance Aund yet. as school officials explaimed, 1n the years
Jhead you are guing into the practice of engineering and you are
zoing tu find the big contracts are going to be those issued by coun-
ties. Gties States and the Federal Government You better hnow a
lLittle bit about how the Government functions and you beticr be a
little more articulate than Herbert Hoover was when he graduated
in engineering at Stanford University So consequently, 1t was a
rounding of our education It was addressing the weakness 1n our
educational program

Now, I want tu stup and move into the noneducational areas If
vou talk to Mr Young tuday, who heads up Hewlett Packard. one
ol our great industries 1n the technical field. he will tell you that
over Ol percent of their products today that they sell on the world
market have been the result of the last 3 years of R&D The last 3
sears And the trend is escalating More and more of our private
settur industry 15> dependent upon R&D coming out of our scientifi-
cally trained personnel And part of our lack of competitiveness
tuday wan be tracked back to the lack of personnel in those fields

Second, let me take he area of medical resources 1 see many of
these things from my position on the Appropriations Committee
We approupiiated about 52 billion for medical research the last few
years In FY 19981 we appropricted about $2 hallion for nonmedical
research

Now, 1n the field of medical r:search. I can give you an illustra-
tion that 1t 15, again, not dollars alone that makes the difference.
We have escalated our attention--4 years ago we appropriated $300
nullien for the research of AIDS The next year it was 3600 million,

oy
&2



ERIC

Aruitoxt provided by Eic:

14

the next year it was $900 million. FY 1939 was $1.1 billion and FY
1990 will be 31.6 billion

Funding is now equal to what we are appropriating for cancer
and cardiology, and other diseases in the field of cardiology In ad-
dition. the demands of orphan diseases are great. The need for
medical research today is greater than it was 20 vears ago plus
when I came to the Senate. We find—and the report will be re-
leased tomorrow—that instead of estimating 2'2 million Americans
with Alzheimer's. It will be 4 million under a new analysis, double
what we thought in the incidence of Alzheimer’s Disease. Today
Alzheimer's patient care takes $40 billion out of our GNP. I could
go on and on indicating to you that the most productive, highest
multiplier dollar that we spend in the Federal Government 1s in
the field of health and health research—1 for 13 back into econo-
my

And we are not keeping pace Why? Personnel is one factor But
1t 1s not the dollars alone. We may reach a point where we can ap-
propriate dollars for certain disease research and we cannot get the
people to do the research

We have 11.000 tsaining grants that we established a few years
ago 1n the appropriations process to encecurage young medical
people to conduct medical research Last yvear we had to reduce the
1000 to 10,000 1n order tu raise the individual stipend because we
are competing for those vuung scientists with the private sector
and all the other sectors that demand this increasing influx of sci-
enusts and other people who are willing to do research That 1s the
medical field

Now. let me take one other tield One of the Stockholm meetings
a few vears ago indicated that half the scientists in the worid today
are imvolved i militory rescarch We have 100,000 scientists today
in and out of Government that are addressing the SDI project
alone Now vou don't have to agree with my view on military
spending, to recognize the growing demand for personnel to main-
tain the pace of military research, not only in our part of the world
but other parts of the world

So, these are three areas that [ wanted to raise 1o vour attention
which demonstrate the demand side rising

Now, let's look at the supply side We have about 25,000 pubiic
high schools in this country. 7,000 of them have abandoned tearh-
ing physics. 1000 have abandoned teaching chemistry, 2,000 have
abandoned teaching biology, and of those that are stitl teaching
any of those science courses. only a lLittle more that, one-third hav»
a labora* ry experience

Our baseline 1s eroding It :s dimimshing at the same time the
demand curve is rising Lets take this one stop further—to me. the
most alarining of all It I had no other statistic to give vou today |
would want to give you this one. Fifty percent of those who are
now teaching those courses 1n our seconaary school are not certifi-
able by their own certification agencies Seventy-five percent of
those at the middle school l=vel are not qualified to be certified by
their educational certification agencies

So when you look at the diminishing numbers of schools that are
offering the courses. the dintnishing opportunities for hands-on
laboratory experiences, the dinmmshing nursber of those teachers

'.J
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who are in classrooms supposedly teaching these subjects today,
not certifiable tu teach the subject, I think it should give us great
pause.

We have a demand for 300,000 teachers in our public schools be-
tween now and 1995. That is just a little over 5 years from now—
300,000 And if we don't get those 300,000 new teachers, qualified
to teach those subjects, we will have a shortfall in the labor market
in all of the areas of 700,000. We could employ today and for each
year between now and 1995, 138,000 degree holders in the field of
engineering alone—138,000 per year.

We have been drawing demographically from our white male 22
year old group. .he basic supply for these increasing demands. My
friends, the white male 22 year old is a flat line in our demograph-
ics And even if we emploved nore dollars and more dollars, there
Jur*  ren't enough white 22 year old males from which to draw the
ne. supply.

Su . e are going to have to have special programs going out there
to attract women, minorities, because now 67 percent of the popu-
lation at 22 1s not white male The demographics are working
against us Every aspect of this whole problem as you look at it will
find a down wurve as far as being able to meet the demand increase
curve

About January of last year 1 started a series of meetings, and !
+.ave had 26 now, last year and this vear. meeting with national
associations in the field of education. elementary, secondary. gradu-
ate. research university people The so-called military 'industrial
complex We had a meeting with those who are today producing
the instruments for our military that are highly skilled, highly
technical industries

I huve met with the directors of the 13 institutes at the NIH, the
Natwonal Academy of Science, the National Science Foundation,
the National Science Advisors. on and on and on And all of these
prople will give vou basicaliy this kind of picture [t is a national
emergency of great proportion, and I feel that, unfortunately,
President Reagan gave just the wrong signal when he said to the
American people and tu the Congress, let’s abolish the Department
of Education

Instead of petting positive lesdership from the Federal Govern-
ment, we were getting the most directly opposite kind of leader-
ship. or the lack of leadership It was not just a lack of leadership,
it was undermining the very base upon which we were trying to
txpand and build The Congress said no, anu fortunately, of course,
we maintained the Department of Education But you can imagine
the kind of signal Senator Glenn and @ introduced resuvlution basi-
wally to say Here 1s a4 new signal. Instead of abolishing the Depart-
ment of Education, saying the Federal Government has no role to
play, we are saying this 1s a national priority

Now, we are here tu follow that signal up with something more
-wnificant Last year Senator Nunn and I introduced an amend-
iment for 310 million add-on to the Defense Department budget for
g}:aduate fellowships in engineering and science, 150 3-year fellow-
ships

My colleagues, I believe, very seriously, one of these days we are
going to have to put a surtax on every appropriation bill that uses
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research people, a surtax that says as we draw from that persen
power pool, we have a responsibility to help replenish it. This year
the Military Affairs Committee of the Senate made this a perma-
nent $10 million contributicn for another 15¢ 3-year graduate pro-
grams, fellowships. But we should have it in agriculture, in terms
of agricultural research. We should have it in the natural resource
bills, in all of the areas that have research involved

I have two charts that illustrate the competitiveness issue.! You
see the red bar there on this first one. This is the age 13 competi-
tive or proficiency levels in the sciences showing the United States
low in relation to Ireland. Britain, Spain and South Korea. Other
nations are lower than we, but it is worldwide, and tnatl is on a
scale of zero to 1,000.

The bill that we are now provosing and which we have circulated
to our colleagues and to other people to invite their contribution 1s
to establish 9 regional centers in math and technology, consortia in
the truest sense. If any of you are in Kalamazoo, Michigan—this is
just one example—go to the Upjohn company and let them show
vou what they have done in drawing out the math/science poten-
tial of 12 of the high schools in that county It is a private industry
effort-—and they over tyrn role mode!s. It is a fantastic thing that I
have visited, and that would be a part of the consortium, of the pri-
vate sector, elementarv, secondary, higher education centers

We also feel that we would bring in, in that third point, the Fed-
eral support for informal science education. There are a lot of re-
sources out there Th* Oregon Museum of Science and Industry It
i a public body It 15 a fantastic place to go and watch the exciting
things of science A little gir! in Missouri, I think it was, said “‘Sci-
ence class 1s where we go to see how tomorrow happens.”

And you know, our tomorrow 1s a little bit uncertain at tius
time, but I think there are so many of these independent, nonedu-
cational, institutional—educationally speaking—organizations that
should be part of this uverall consortium. We would provide monies
for role models played, for experimentation on how you get the
teacher manpower person power pool increased, how you get the
student interest The students leaving our high schools today,
within the last > vears their interest in majoring in science or engi-
neering has dropoed 21 percent, almost a quarter of a percent, 25
percent

So consequently, we have got to do something to reverse that
trend as well, We feel that there 1s a need for a National Clearinz-
house for science, mathematics and technology resource materials
We have many agencies of Government that have a part of the
action, but there 1s no coordination. We think the National Science
Advisor tu the President at the Cabinet level —President Bush has
now established that position—should be the coordinator to all of
the agencies of the Federal Guvernment involved or having an in-
terest in this field.

All of this means that we could provide resources through the
appropriations process—and Chairman Glenn and each one of you
appreciate this fully We cannot just b. satisfied with authorizing a
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program—we have authorized a lot of programs—we have_got to
fund this one. And that is the key role of coordinating this with the
Appropriations Committee. Because we have got to get out of the
Appropriations Committee, as well as the agencies of Government,
as well as the Senate and the House a priority of such significance
that, unlike the Homeless Act, unlike a lot of these other things
that we have authorized but then not fully funded, Senator Glenn
and I and others are very serious about moving this beyond the
action of authorizing. We want this funded, because these regional
consortiums need not only paper and material and ideas, but the
resources necessary to help set up these experimental programs.

It is not going to be one nationa} program. Every region has dif-
ferent characteristics, and we have to addre s those individual
characteristics. .

Well, I have taken mcre tire than I intended You have a very
distinguished list of witnesses, | greatly appreciate the opportunity
to be here this morning and share these thoughts with you

Chairman GLENN. Thank you Mark thank you very much

Does anyone have any questions {or Senator Hatfield?

Our first watness this morning is well known to mest of us from
radi0, and television, Dr Carl Sagan

Carl, I understand that it would be in order to wish you a happy
birthday today So we start off with that today. Dr. Sagan is from
Cornell University and 1s, a strong advocate for improving science
education I read his article in Parade Magazine & short time ago,
ani he talked about not only the prcblem at the university level,
but also the importance of science education ct the elementary
school leve!

Carl, we iook forward to your testimony

TESTIMONY OF CARL SAGAN, PH.D., DIRECTOR, LABORATORY
FOR PLANETARY STUDIES, CORNLLL UNIVERSITY. ITHACA, NY

Dr Sacan Thank you, Senator Glenn. In the interest of time
maybe I can put into the record the article to which you referred '

Chairman GLENN. It will be included without objection.

Dr SaGan. Let me try to give a brief sense of my approach to
this question and try to leave some time for questions.

We are eating the seed corn, and it is well known what happens
if you do that You might get through orne more hungry w:ater, bu
you are in the deepest trouble the year after.

The 1dea of saving money by not supporting education is the
most astonishingly shortsighted and f~olish attitude that it is possi
ble for a nation to have. We are depriving ourselves--in a nighly
technological, competitive and rapidly changing world—of precisely
the resources that are needed in order to accommodate tv change.

We live in a world that ir many respects 1= based on science and
technology, and at the same time we arrange a society in which
hardly anybody understunds anything about science and technolo-
gy. This is a clear prescription for disaster It doesn’t :»quire deep
analysis to see that.

Vsee po 123
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Let me say something about the reasons why better understand-
ing of science and technology 1s important 1 believe it 1s not just a
question of producing more professional scientists and engineers
Certainly there 1s such a need. But the need runs much deeper We
need much more widespread scientific literacy in the popuiation in
general—In part because that 1s what is necessary to produce pro-
fessiom~] scientists anc engineers, but for other reasons as well

There are four categories >f reasons, it seems to me One is the
absolute bread and butter 1ssues of jobs, profits, the health of the
aational economy, all of what 1s sometimes summarized in the
phrase “international competitiveness” If furniture companies
cannot make furniture because entry level applicants cannot do el-
ementary arithmetic, then furniture companies will close down and
the furniture will come from somewhere else If a leading Ameri-
can electronies manufacturer finds that 80 percent of applicants
cannot pass a oth grade arithmetic test, then the competence of the
work 1n that company, and the quality of the products will decline
and jobs will migrate to some other country where they take great-
or care with sctence and mathematics education These are simple
bread and butter 1ssues

Amerian industry recognizes that this 1s a problem at the
present time Estimates are that something hke $25 bilhon s spen*
annually by industry on remedial education of their workers and
on lost productivity, and my guess 1s that this s a very low esti-
mate of the cost

The trouble 1s that industry generally, especially 1n this country,
> interested 1n short term profits And for economic competitive-
Ness, vou have to make the mvestment now to get the beuefit 10 or
20 vears later In many American industries the complete board of
directors turns over in that period of time The mdividual motive-
tions of the executives to do sumething that will benefit their suc-
cessors a decade or two hence 1s not impressively large

in other countries where it s common to have longer-term plan-
ning, it is more common to plan things for ten or twenty years in
the future All this being the case, what 1s the American institu-
tion which, at least in principle. can plan over those longer periods
of time” If 1t 1s not industry, might it concenably be Government”

The second reason for much letter science education has to do
witn a wide range of hey. in sume cases unprecedented, problem
that face the United States. and many other countries s well, in
wh.ch finding the solution reguires understandaing sclence and
technology And that apphes to the citizens who must vote for leg-
islators and p esidents, and the legislators and the members of the
Executive Branch as well

It 1s certainly a very long hist It certamly involves all sorts of
nulitary activity Senator Hatfield mertivned SDI That 15 an excel-
lent example where elementary understanding of science helps to
understand what 1s practical and what 1s political hype

Or let's take 1ssues of the glubal environment Here a set of ex-
tremely grave problems face the world Our technology is now so
powerful we can alter the environment of the planet Greenhouse
warming 15 one example. Depletion of the ozone layer and conse-
quent increase of deadly ultraviolet light at the surface of the
Earth as a result 1s another. The solutions are complex They in-
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volve an understanding of the underlying science It s necessary to
be able to muke intelhgent judgments are this just a ery i doom
and gloom or 1s it a real looming catastrophe”

How can you make that deecision 1f vou don't understand the un-
derlying science and technology How can the voters decide which
representatines to represent them if they, the voters, don’t under-
standa  he issue” This seems to me an extremely important reason
why we have to understand science and technology better the solu-
tions to such problems are going to involve science and technology
in the deepest way

Likewise, for the apparently emerging era of massive arms re-
ductions, there are mmportant science and technological issues
there about how to find a safe path to much smaller arsenals

There i~ a third reason which you can find readily enough 1n
first graders, but much more muted 1n, say. high school senors —
the thrll of understanding the universe, which 1 believe everybody
s born with I think 1t 1s part of being human

Eversone wants to understand our ongms—peoplc, hfe, the
Earth, the Sun, the Galaxy, the Universe Science has a range of
answers and a range of deeper mysteries uncovered 1n those an-
swers and my experience is that almost eversone 15 igmited wath
eacitement when presented with those findings Understanding the
world we Live in s deeply satisfving It 1 the birthright of every
atizen It we don’t know unything about science and technology.
we dare unequipped to that joy 1 understanding experience

And then finally. and muaybe most important, 1s the fact that sci-
ence is not ~o much a body of knowledge as 1t 15 a way of thinking
There 1s g generally wocepted scientific ethos, sometimes not pet-
fect's adhered to because scientists are human beings hke every-
body else Nevertheless, it is recognized worldwide throughout the
scientific community as at the very least what we should aspire to
[t involves the idea that experiments must be venfied. that argu-
ments from authority carry 2ero weight- people in cuthonty hazve
made nustahes before and they will do sv again—vigorous substan-
tive debate is healthy, quantitative thinking 1s an important way of
distinguishing the wheat from the chaff This kind of thinking
works, and s responsible for the success of science But it 1s not
widely used i other areas of human endeavor, particularly in
social, economic and political areas

‘Too often "here 1s a tendency simply to accept what we are told,
only later do we discover that the people 1n cuthority did not have
the foggiest idea of what they were tulking about There are many
examples of this sort readily available, especially froin recent press-
dential polities

I think that the very existence of a democracy requires a citizen-
ry well versed in substantive argument and in the 1dea that vou
carry alternative working hypotheses tn your head and see which
bes' matches the facts—not that you uncritically apply a doctrine
whizh has been handed down to you The world 1s changing too
quickly for that

Any one of these four items would justify much more thorough
and wonsistant support fur science education on all levels The com-
bination of all four of them I think makes an absolutely compelling
case It 1s a pity that it i1s even necessary to have hearings such as
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this The fact that the problem 1= being urgently addressed now 1s
a rebuke to us for what we have not done 1n previous vears

What should be done” 1 would hike to stress that the problem
must be attacked on many levels &t once. 1T 1s not nst a question of
improving elementary school teaching or fellowships for universi-
ties or regional centers for the improvement of science competency
in high school teachers All those are certainly necessary. but this
has to be done at many different levels simultancously to address
the many different timeframes volved. because we have to worry
simultaneously about next year and 10 years from now. and 20
vears from now

Senator Glenn mentioned my arti te n Parade—arade has a
vast audience. 65 million readers every 1ssue and <o I tend to get a
lot of mal. not all of which I can ansaver But the mail certainly
gives a kind of sense of the pulse of the nation, or at Jeast of those
concerned enough to write back There are wide range of oprions

The most common letter that T ot complained about the nad-
equate traimng of science teachers in the school ssstem And worse
than that, the unwillingness to answer questions. a kind of nygnd
doctrinaire nervousness about having their gnorance exposed
Fhat clearly 1= the vers antithesis of what we need to teach sc1-
enee to eacourage science to nuihe hids comfortable and enthusi-
astic about seienee

We want teachers who are themscehves comfectable with saience.
who understand 1t who can answer questions So surely there must
10 better teacher trammg. remedial education for scrence teachers,
making the content rather than the method of teaching important
tor teacher certification rewards for competence I the kids do
well on obects - national test | the teachers ought to be rew:irded
m ~ome level

There = the question of Liboratories Laboratories are »xpensive,
but 1t yvou don t have laboratories in teac hing science then all the
hds get s ~cience out of books Science out of books. tf the books
are good- many of them aren t —is ternfic Butats very different
from understanding how science realls works And many school
districts, because laboratories are expensive,  we cut back or
abandoned laboratories What results i~ teaching a k nd of Aptitla-
fion of science a summary of the + dings but not the me” ods of
~ience. not science itself

Scientsts need to be encouraged to spend more time teaching ~ci-
ence There are a large number of scientists who find 1t extremely
vexing even o have to explain what 1t s that they do 1n terms that
are readily comprehensible—much fess spend some portion of their
time talhing ~crence in the Jecture cireutt or in school rooms or on
television or radio or writing popular articles There has to be a
way--and 1t need not necessarily ivolve money, humane or patri-
otic totines might do 1t —for getting professional scientists much
more heavily involved sn the teaching of science on all levels

There 1» a very serius problem with the media The media are
the quickest way—especially television. a visual medium— of
chang.ng attitudes, of increasing the respectability of intellectual
discourse 1n general. and science 1n perticular s remarkable to
me that virtually every newspaper in America has a daily astrolo-
gy column but few have ever a weekly science column That says
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sumething about what we value and hold dear, what we consider
imgortant A visttor from somewhere else just reading our newspa-
pers would get, I think, a very negative view abuut our seriousness
about saenve and engineering and therefore our prospects for the
future

Astrology—as | know [ don’t have to say here—is bunk It 1s a
fraud It doesn’t do what 1t portends And yet it is there, in ever)
newspaper, with one or two exceptions, remarkable

Or consider the world of television There 15 a fair amcunts of
pseudoscience on television, occasional stories ovn medicine and
technology, but almust never anvthing un science Science clearly
has to be distinguished from medicine and techinology Not threats
v vur health, not new machines, but understanding, the world, new
discoveries i figuring out how the world worhs We never see
that—almost never—on television

In the whole werld of television droma. there 1~ not, as far as |
hnow, a single program in which the hero 1s someone who 1s pas-
stonate 1o find out how the world wurks There are no role models
It 1= not surpri=ing that hids don't tumble to science 1if they have
nothing in their evernday Iives which encourages them to go in
that direction

And that brings me 1o my last point. and that has to do with the
e of promotior and salaries There are statisties which show for
the first = years after high school most American males et no tar-
wible rewards from competence If they know how to read and
wiite better than average, o they know how to do elementary
anthmaue or algebra better *han averase, this s no way reflect
ed 1n promotions or hwher <alaries In part this 1= due 1o the fact
thdl <o many young peo’ e Zo into service jobs whete 1t s not re-
quired to do too much thinhimg

In the productive ~ectar of the econominv ol course the story s
very different. and thot returns me to what T was <avimg at the be-
cmnieg about all the industries that find entry tevel apphicants
annot pass the most cementany tests

Yt were true | mean Amenican kids aren t stupid- af 1t wee
true that doing weltl in these subjects mahe you more money  then
i think they would do well i those subre = And it 1t doesn’t, the
Wy the educationdl svstem i~ now artansg 4 there is no encourage
ment for them to do well

Ive tried to give a very briet summary of the situation It s an
avtremely important ssue It fits into the generic of short quanda-
rytersn versus . o-tesm issues, which are the most serwous and
the most Challenging category of 1ssues we fuce | very much hope
that the Congress will not only authotize but tund major steps
dlon 1 these hines consistent with the leading role of the states i
SUPpPOrtng ¢Gua W 'ol

Thank you

Chairman Geeas Thank you very much You have gnen us a
lot to think about, and we « uld spend a lot of time of op eoch one
of those particular areas

We will follow the 5 nunute rule this morning

You mentioned luw teacher salaries, antiquated lab equipment,
too little homework, and parents unwilling to pay for quality sci
ence vducation Those exist at the local level They imvolve elemen-
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tary and secondary schools, which are under tuae province of the
states and the local jurisdictions.

We have had a number of things suggested (hat we might be
able to do at the Federal level. It has been suggested that we set
national standards of rating high schools, wlich would let each
community know how their high school measures up. Alen, there
are proposals for national standards for graduation. W ire the
only major industrial society that does not have some sort of stand-
ard like the French Baccalaureate.

Before you came I mentioned the Ross Perot ¢tudy. He spent a
vear studying their system He found out that t'5 percent of the
high school principals were coaches Now. I don't have any problem
with coaches Most of them are very highly qualified academics
Bui 65 percent may show an over emphasis in a direction that
doesn't necessarily have anything to do with excellence in aduca-
tion. Thirty percént went to good solid academics. 30 percent of
their money went to soft electives. as he termed 1t. and 4f) percent
10 extra curricula and administrative functions.

Dr Sacax I know 1t is in some circles customary te say that you
cannot solve problems just by throwing money at them. and that 18
true But a lot of problems also cannot be solved unless vou throw
money at them Money is net all that is needed. but there is no
question that money 1s needed Money is a necessity. but not a suf-
ficten: condition

The point about coaches 1z very interesting Louk at the recogul-
tion that. let = sav. high school students who have great compe-
tence and excelience 1n sports receive What comparable recogni-
tion 1< there tor high school students who have great excellence
and competence in science or engineering or mathematics’

[ am talking about notices in the home town new.papers That i~
comethny that Menibers of Congress can do something about [.am
talking about recogrutions in assemblies and group acuvities in-
volving the whole hizh school There 1s an ethos which says that
competition and ~xcellence 1n sports is de~ired. 1s encouraged at all
‘evelt of the community. whereas competence and excellence in sci-
ence. let s sav - in some circles - including. often. the students
themselves—a «. 1se of embarrassment In the student culture of
‘he high schoo there 1s pressure not te excel 1n academics You
w.'' embarrass \ ur fellow students Ycu wili force them to work
harde: More w.} be expected of thm So there's peer pressure for
those who are ~nart to pretend to be dumb. 1n all areas. except
sthletics There .~ no peer pressuie for excellent atnletes to pre-
tend that they e not excellent s they won't embarrass their less
competent colleazues. we never see any of that

Tt seers to me thot on 1ssue of what we encourage and what we
discourage the Congress of the United States might have some le-
verage

Chairrman Greny Do you think we ought to set standards”
Would that work 1f we put rating systems out there or required
that we have some standard of pass/fail for getting out of migh
school. as the French Baccalaureate or other systems do”

Dr Sacan It 1s a tough 1ssue. and let me say why. There 15 a
danger of abuse« And this 1s. to my understanding, the rea 'n that
the framers ot the (‘onstitution pit education primarily at the olue
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level A wise and prudent and far-sighted national commission es-
tablishing standards might do an excellent job, but there is a po-
tential for abuse There is a potential for nationally mandating
particular political or religious points of views. If you can walk
vour way between those two shoais, my hat is off to you.

Chairman GLENN Perhaps, the courses taught could be a meas-
are. In other words, if a school offers certain courses and qualified
people to teach them. that is one threshold to get past. If they did
not even come up to that minimal standard. then they obviously
aren’t qualified. I think you could set up 4 or 3 different gradations
along that line of what schools are even offering.

Dr Sacan There | agree with you You certainly could set
standards for teachers which don't run afoul of what T just was
talking about But think about the 1dea of mandating curricula
there's a bunch of peouple in Washington who tell people in a small
town in Missouri. say. what their kids should learn and what they
~houuld not There 1> something potentially dangerous about that

I think the i1dea is to encourage the highest standards of excel-
‘ence and people in loca, communities wiil eventually understand
what it is that their kids should learn

Chairman GLENN My tuume 1s up but I think at the Federal level
we have taken the lead since World War II in supporting college
education—through granis in aid and all sorts of programs you are
tamiliar with—and supporting our young people bevond the high
~chool level That has been mainly tne Federal role

At the elementary ind secondary level I think we got up to
around Y percent I think we are down around 6 ° percent right
1w nour supnort tor elementary and secondary We <ull look at
that a~ the province of the atates and iocal oo mmunities vet That
~ A here our problem 1~ ~starting

Dr Sacan May 1 just make one responrse to *har’

Croarman Gras sy Certainly

Dr Sacan A very important thing —1t 1~ a long lever arm—but
4 very important thing the Government can do > support for pro-
srams ~such as Head Start and programs alleviating perinatal mal-
rutriton It vou are a tetus and your mother doesn’t have enough
U eat no matter how good your genes are. you are going to wind
ib weith an intellectual’ defizit later on An excellent use of Feder-
J money 1= to mak+ ~ure thot every infant has enough to eat and
o eneaurage Kids 1) get oing on education early before kindergar-
ten

Charman GTesy Senator Kohl?

Senator Kour Dr Sagan. I would Like to pursue this question of
r:e need. the obvious demonstrated need versus the lack of supply

You ~aid—1 think we all understand—that peopi~ eravitate in
terms of their life pursuit where they can do the best And you
talked about exaltation of sports and things of that sort. that's
true But 1t is a clearly demonstrated axiom now that we need
peaple 1n math and science. that that 1s where excellence is going.
that 1> where vocational opportunities are going That is where you
can be sure. if you are a young person and educate yourself, and
prepdre yourself, you are going to make a good hving and are going
to be in demand You are going to succeed vocationally
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I mean, if we haven't made that point in this country, we cer:
tainly are on the way to making that point. Now, given that, then

why aren't we seeing the vacuum of science and math illeteracy
being filled, or are we just beginning te nove in that directicn?
And are we on the right track?

Dr. Sagax. In trying to understand this issue I also had to wres-
tle with that question. It seems so straightforward. If we desperate-
l¥ need competent people then we ought to be rewarding competent
people, then kids in high school ought to see that if they learn sci-
ence and mathematics they will reap those rewards—so they’ll do
the learning. Hut the trouble is that there are lots of jobs for kids
who graduate high schooi for which this 1s not the case, in which
you have gone through all that effort to understand the binomial
theorem and they don't at all care about it in the serving of ham-
burgers It hasn't helped you in the least.

It has to do in part—this is a simplification—to the distinction
between the service and the productive parts of the American econ-
omy. The service economy doesn't need that kind of stuff, and
where are the bulk of the jobs for high school graduates?

Senator Konr But these, as has been demonstrated ov.r and
over aga:n, these service type jobs are the lower paying jobs, and
the jobs we are talking about are the more exalted high paying
jobs Now. if 1t 15 just a question of disseminating that information,
we can do -hat That 1s not something that cannot be done.

So I am stull missing 1n my own mind the understanding of how
we get to where we are going If 1t 1s true in our society—I want to
say it again—that the people who are exemplary at math and sci-
ence are the ones who are going to wind up with good paying jobs
versus those service jobs you are talking about, then what’s miss-
ing” What 1s missing”

Dr Sacan I think part of what 1> missing 18 -ehable information
provided to the students that what you and { are sayving is in fact
true And another thing that is missing has to do with the ethos of
the society Is there a sense of great respect for let’s say science
renchers. as there was in the 193077

Is there a sense of respect towards kids interested 1n science
from their hugh school peers? Or as I was saying before, 1s there a
social pressure not to excel in science? There ar~ a lot of factors
that influence kids, especially 1n those immediately post-pubescent
vears when peer pressure is a very important issue

These are not insoluble problems, but they are not easy either I
think if you talk to anybody who was interested in science in a se-
rious way in most American high schools, except for the ones that
specialize n science, you will discover something like this, I can
tell you from my own high school days in Rahway, New Jersey
that therc were many who were less than delighted that there
were a few people who were extremely interested in science There
s a set of strong social factors that have to be worked.

Is it true that better prepared people are the ones who are more
rapidly promoted and get swifter salary increases? If that is true,
the industries 1n question ought tc be making that clear

Senator Konu. You mentioned the probleins with respect to the
popular media. Yet you have had a large success in your Cosmos
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television show. Why do you think we don't have more popular, ex-
citing science programs on TV?

Dr Sacax. I wish I knew, Senator Kohl. *Cosmos”’ was the most
widely watched series in the history of American public television
at the time it was shown. It has been seen in over 60 countries by
more than 300 million people. It has just been released in video
cassette by Turner Home Entertainment.

It has done phenomenally well, and 1t is a demonstration, if onr.
were needed. that you can get real science out to a broad publ ¢
and have people enjoy it and even ask for more. I am not sure wh_
more of thisisn’t done I think 1t is completely clear that more ot
this could be done

Senator KoHL. Thank you, Mr. Chairman.

Chairman GLENN. Thank vou Whatever happened to Mr. Wizard
too. at the lower level?

Dr Sacan. Yes, absolutely

Chairman GLENN Senator Bingaman?

Senator Bingaman. Thank you, Mr. Chairman

Dr Sagan. let me compliment you on all that you do to make
this issue important and prestigious in our society. Your work is
very important, I weuld like to get back to your comments about
how we snouldn’t have a national curriculum, that there is a lot of
valid concerns about that. I agree. But I also think there may be
some subjects where we really don't have a valid argument against
having national standards. for example. mathematics I think you
cited In your statement that many of our high school graduates are
not able to pass a 5th grade mathematics exam

[ am not talking about Congress passing a las saying this is
what you need to know in oth grade math. But why would it be
irproper to have knowledgeable people from arvund the country
come together and say this is what we 1n this country would expect
the students to know in math when they graduate from 5th grade.
And if you are teaching the 3th grade in my home state of New
Mexico. or Florida, or New York or wherever, and your students
aren’t performing at that level. then you would have a very strong
signal that your students were below average.

Now, some people say, no, that's a national curriculum. In my
mind, it only makes sense. If we are going to criticize students
when they graduate from high school for not knowing anything
more than 5th grade math, why don't we tell their teachers and
their parents and, in fact, the students what we expect of them at
each grade and then help them reach those levels of performance?

Dr Sacan I personally have no objection to what you just sug-
gested It makes perfect sense. There is no serious religion, as far
as I know, that has objections to quadratic equations the conten-
tion that the Earth is round.

But the troubie is when you get to other areas. What happens
when you get to physics? It turns out that there is excellent evi-
dence that the Earth 1s about 4.5 billion years old, but there are
religions that believe it is only 6,000 years old What happoens when
you get to biology—when evolution, the central idea of modern bi-
ology, is considered anathema by a number of religions? Then what
do you do?
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Senator BincaMax [ understand that you can get into areas
that are more controversial, but I think that we do have agreement
in some areas and we need to move forward in them

I agree with all of your suggestions about the long term we need
to train more educators, we need to recognize those who are teach-
Ing in these areas, who are excelling in these areas.

In the short term, however, while we have a deficit of qualified,
certified people teaching in these areas, to what extent can we use
modern technology—through video programs and computer pro-
grams of various kinds—to fill that gap and ensure that this gen-
eration of elementary school students does not miss the chance to
become excited about science”

I saw something a few weeks ago indicating that most students
who decide to pursue science as a career make that decision by the
time they are in the Tth grade, and those that decide not to go 1nto
science also make that decision by the 7th grade So there is a
period of time. very early in a student’s career, when we need to
excite them If we don't have teachers in the classroom who are ca-
pable of exciting them, can we do it through technology”

Dr. Sacan Technology is a tool, but everything depends on what
the technology 1s presenting to the student If it is cold, remote in-
accessible, doesn t answer questions—because, you know, much of
this technology duesn't answer the student’s questions, it is not
interactive—then it 1= not clear that 1t could help large numbers of
students, especially those with science phobia For those who are
already commutted to science it is wonderful, because it permits
them to go far beyond their grade level. But as for general encour-
agement, there 15 nothing hetter than a live human being who is in
front of the students and i genuinely enthusiastic and knowledgea-
ble about the subject

Mevertheless. 1 think sume things could be done along these
hnes Certamly television—the “Cosmos’ experience has clearly
shown that television can cross that barrier, can get a kind of
human contact across, but it has to be designed to play that role

Senator BingaAMaN, Thank you very much

Chairman GLENN. Senator Lieberman”

Senator L'eBerman Thank you, Mr Chairman

Dr Sagan, thank vou for being here and thank you for all you
have done to increase people’s awareness of science If 1 may bring
any personal experience to this, Mr. Chairman, now having begun
a second family, as 1t were, and having a 19th month old, I am re-
assured to find that Mr. Wizard after all of these years is still
growing strong

Chairman GrLEny | don't thiak widely enough distributed,
though

Senator LieBerManN The closest scientific hero that American
television provides to its watchers 1n this age I think is McGyver,
and that 1s not too close In other words. McGyver gets himself out
of these adventurous dilemmas he is in usually by some clever use
of science or technology, but that is a long way from where we
want to be

Before | ask you a question. I want to see if [ am operating on a
correct factual or historical basis. I have been reading all the sta-
tistics that you cited :n your articles, and others have cited, of the
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relative weakness of American students and graduates when 1t
comes to science and math and technology compared to other na-
tions And, of course, all of us here worry about the effect that is
having on our international economic competitiveness.

Am I correct 1n assuming that during earlier times in this centu-
ry when we were a surging economic power, early in this centurs,
or in the post war period, that if we had taken similar studies they
would have shown our students doing much tetter as compared to
students and graduates on other developed nations?

. Dr Sacan Senator Lieberman, I don't know the answer to that,
in part because of the studies that I know about, the longest rang-
ing only goes back to the late 1960s or early 1970s. So I cannot tell
vou about longer baselines.

The National Report Card on Science, which 1s administered by
Educational Testing Service in Princeton does go back to, I've for-
gotten, but roughly 1970, and the conclusion there is that we are
no better or no worse now than we were then.

Senator LiEBERMAN That would be interesting I guess the ques-
tion I wanted to ask, and I will go ahead and ask it anyway, even
though it is not clear But I think when we see these statistics we
assume that our country 1s shding, that we are going down. And I
wanted to ask you—and this takes you somewhat out of your
veld—but what has changed, compared to when vou were growing
up 1In Rahway” What's differe.t’ Do you think somebody growing
up in Rahway today would h.ve been drawn to the career that you
chose” And if not, | wonder v hy

Dr Sacan Well——

Senator LieBERMAN Or if you were growmng up today 1n
Rahway”

Dr Sacan You have invited me to speculate Let me do so.

The last 10 years seem to me to have been a particular disaster
in this respect In the last 10 years we had an ethos of greed foisted
unto the American peouple, agreed 1s what you should be interested
in. the people were told The brightest people were encouraged to
become, lawyers ur commodity . rokers or arbitrageurs and not sci-
entists That 1s where the rewards were that the society sanctioneo
from the very top

In the same period of time there was not a great deal of intellec-
tuel rigor or intellectual honesty that one could see emanating
trom the highest levels of the Government. There were obvious at-
tempts to deceive the people, to lie and hope that no one noticed.
Eventually people noticed. If there isn't a deep respect for the
truth at the top, that attitude propagates down.

There are many riticisms we could make about, let's say the ad-
mimstration of Jsuhn Kennedy, but in that administration there
was a respect for intellectual achievement that also propagated.
People of a variety of different political beliefs encouraged excel-
lent scientists to become deeply involved in the Government. There
was a President who actually had dinner with Nobel prize winners,
that included substantive discussion, including his remark that
"This 15 the greatest collection of intellectual talent that has
been ever assembled in the White House with the possible excep-
tion of when Thomas Jefferson dined alone ™

Anyway, that is part of my guess as to some of the reasons.
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Senator LieBerMaN Thank you very much

Mr. Chairman. mayv I ask one follow-up guestion It is a fascinat-
1ng answer 1n so far as 1t suggest the important role of Government
and Government leaders in setting a standard.

What about the role f the family? And I know again 1 am
taking vou out of what . .y be an area of your expertise, but we
continue to read that one of the things that is powerful in Japan,
for instance, which we always compare ourselves to today, is the
pressure from the family to succeed Is that part of our problem
here now. and is that different?

Dr Sacan I think 1t 15, Senaor 1 think in the Depression in
tihus country many families recognized that scholarship, intellectual
attainnient, was a way to get out of poverty | think many imni-
grant families recognized that But now that we are economically
better off. except for new ymmugrant families there 1sn’t much pres-
sute on kids If vou look at the recent phenomenal performance of
Asian Americans in scence and mathematics—and 1t really s
something to behold—part of the 1eason may be that the language
differences are such that 1t is very hard for them to excel in the
literature or soctal studies or other places where real competence
in Enghish language 18 a prerequisite

But srience and nmathematics, being an international languages,
are mwore accessible It s very clear from talking to excellent stu-
dents from that background that their parents not just were after
them 111 a negative sense, but 1n a positive and supportive sense, up
with them late at might encouraging them bringing them tea, as
one person who just wrote to me said

The parents r.eed not know the science, they need only under-
stand that 1t 1~ vers important for the success and future of their
children and the natior and the world it can have an enormous
influence

Senator LigsERMAN Thank yeu Thank you, Mr Chairman

Chatrman Gueny Thank you, Senator Lieberman 1 wish we had
another hour to go just on that last subject alone, because I think
voung people tend to rise te the level of what s expected of them
And vet we are a mobile society, 20 percent of our people move to a
different domicile every vear There are a number of things that
area I think we have to look at also

We do have to move along Thank svou. D1 Sagan We appreciate
vou bemg here this morning

Dr Sacan Thank you. Senator Glenn

Chairman GLENN Before we move on to our next witnesses—and
we are going to change the order just a httle bit here becanse of
some other things -1 wanted to pomt out that I understand we
have a group of Soviet high school students that are visiting and
are sitting m our hearing this morning in the back of the rovn

Would vou stand « *and up, please

‘Applause |

Chairman GLENN Good We welcome vou this morming Thank
you very much, and 1 am glad you could be us this morning

VisitiNnG TEACHER Excuse me, Senator There are 17 high school
otudents from Moscow They are on their way to Albuquerque

here they will attend high school at La Cueva in Albuquergque,
Senator Bingaman's home state
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Chairman GLENN Good And 1 believe Senator Bingaman is
going to meet with them later this afternoon.

V1siTiNG TEACHER. And then an American high school group will
then go over and study at their school next spring.

Chairman GLENN. It should be very interesting. Good Thank you
all very much.

We are going to change the order here just a little bit. Dr. Ruth-
erford has to be out of here by 11.30. We have been running a little
bit late. and also Mr. Aldridge has to catch an airplane, an interna-
tional flight He's leaving the country here for a short trip and has
to be out So if our other witnesses don't mind too much here, if
they are able to stay, we will have Dr. Rutherford and Mr. Al-
dridge come up And we welcome you this morning here and wel-
come vour testimonyv

Dr Rutherford. would you lead off, please

TESTIMOMNY OF F. JAMES RUTHERFORD, PH.D., CHIEF EDUCA-
TION OFFYCER. DIRECTOR OF PROJECT 2061. AMERICAN ASSO-
CIATION FOR THE ADYANCEMENT OF SCIENCE. WASHINGTON.
DC

Dr RutHerrorp Thank vou. Mr Chairman i appreciate being
invited here—and Senator Licberman—to ccemment on these very
important 1ssues My testimony will be submitted to you so [ will
not cover all of *hiat !

Chairman GLENN 1t will be included in the record in its entirety

Dr RurtHerrorp Thank vou What 1 would like to do 15 just take
4 few minutes to talk about 4 major effort being undertaken by the
«crentific commurty to deal with these verv same problems as a
way of signaling to you that we in the community look toward the
Congress and the Administration to work with us in collaborative
ways to achieve these common national purposes.

But I do think I should comment just briefly on the context of
thi= whole business of reform This 1s the third time since the end
of World War 11 that the Nation has come to this same point, and
we have made these same statements [t was industrialization after
World War 11 It was the space race in the 1960s And now we have
got international competitiveness and the rest of these things

You know, during those periods we did lots of things We trained
teachers and we did curriculum over again We had collaboration
with business and industry We did a lot of good works, but it did
not add up tv nativnal reform. So when we entered into the propo-
sition back 1n about 1981 when we becaine concerned—the Ameri-
can Assoctation for the Advancement of Science—again about these
problems, we decided to try and find out what had gone wrong,
why hadn't the Nation solved this problem long since And we
came to several conclusions, and 1 will just mention without ex-
plaining and then turn to the other matter

First of all, 1s that we haven't treated it as a national problem It
has been treated as sort of a local thing, let the local folks do
better, let this state or that state. But this is of national conse-
yuence, 1t 1s a national emergency As a consequence we haven’t
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had a national strategy We have had no way of thinking about
how to gu about sulving the prublem We do this good thing and
that good thing, but imagine that we had tried the build our inter-
state higzhway svsteni that way, or get to the moon that way We
wouldn't have achieved it A lack of national strategy

Our reform has been by accretion—do this, do that, let's hope
that 1t adds up. Well, it has not added up.

Our efforts have been fragmented, they have been spasmodic We
are on again off again The fragmented—Congress i1s that way. isn't
it” When it looks at science education, there are all sorts of com-
mittees and subcommuttees that get interested 1n it and do things
that are of some interest and usually useful, but they come and go
and they are not seen as a part of a total thrust to get things into
order

Conseyuently we have had no coordination within Government,
let alone between Federal and state and local activities I can give
Just une example In my judgment, there are several dozen Federal
agencies that oughit to be active in science education at th clemen-
tary and secondary level We keep mentioning the Department of
Education and NSF Well NIH and Defens¢ and Labor and Com-
merce and many others have an interest and are doing little and
no one 15 coordinated

Another problem there has been all along is that the magnitude
ot vur effort husn't matched the magnitude of the problem Now,
we are talking about 2 nullion teachers, a business that spends
over 200 billion a vear, and vet we imagine we can change it by
mvesting a few mullions of dullars, or 4 few hundreds of millions

We have a scale problem here that we haven’t faced up to in
many ways. and the money problem being part of it It is easy
enough to say that, as was pointed out, money won't solve the prub-
lems Without investing in reform we will not get reform But in-
vesting in 1=form is very different than supporting the status quo,
end most of the Federal and state dollars go to operating the
~s~tem we have now which isn t working well, instead of oing in to
transform that system into a new kind of enterprise

One of our great weaknesses is we have:’t had clear national
wodls Senator Lieberman, I think vou were heading in this direc-
tion If we don't know what we want to achieve, if we don’t know
clearly what we want our children to know and be able to do, how
can we organize our efforts to get there?> We have to be clear on
these things, and T think there needs to be nativnal expectations
becduse we are a Nation and because, as Senator Glenn has point-
ed out, our people keep moving

Finally, let me say that a lot of our solution since World War 1I
has been to load more cn to the schools. Every time we defined a
prublem, we say the schouls ought to do something about it. Wheth-
er it is bad manners on the highway, or AIDS, or being a good citi-
zen or what have you, let alone the intellectual outcome, when
probably what has been needed is a trimming down so that we can
focus in on the things that really matter.

Well, with those notions in mind, we designed at AAAS Project
2061, which 1s an allusion to Comet Haley, which was around when
we started in 1983, to sort of give the image that the children born
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when we started are going to Ine to see the return of tha ccmet
The question is, what will the world be like then?

The answer 15, 1t depends on Jow weli we educate these children
They will determine whether we have a habitable world that is
worth hving in So we set up this project to be long term We com-
mitted ourselves to 23 years of eftort. not on again off again We
committed ourselves to be comprehensive, that our approach weuld
be across all of the sciences and mathematics and technologies si-
multaneously, not just physics. chemistry and biology, that we
would focus on all of the schools, not just the ones who respond
well, that we would be concerned about the education of all stu-
dents. The. 1s, vou start with a common core of learning as what
we really worry about aid buil'' on that That all grades count, as
Mi Sagan said. kindergarten through the 12th grade, and that we
would deal eventually 1n this period with all compaonents of the
system, not just this prece or that piece, hurly burly But you have
got to deal with the curriculum, wiin materials, with, testing, with
teacher preparation. with the structure of schooling, with policies
and more

Furthermore, that we would do this by trimming down this over-
<tuffed and undernoutished scb ol system of ours, and in the proc-
ess reexamine all of our premises about learning, abeut kids, and
orgamzation and the rest of 1t

The project would b> collaborative v t+ every level of education,
but the teachers would have a centr.! role, a creative role, and fi-
nally that the entire ¢ (fort would be ba~ed on specitying laying out
the goals that have w be achieved and that all our work would
focus 1n one way or another on the tests thao will contribute to
these national goals

Thanks to the Carnegie and Mellon Foundations. we were able to
engage some 350 scientists, engineers. philosophers. historians, edu
cators for over 3 vears to do this prece of work, which we think is a
central and mportant contribution It was headed up by people
like Bill Baker, that many of vou know, who was chair of Bell
Labs. Marvin McVicker from MIT And the result of that wos's for
3 vears 1s a staterrent of goals and some panel reports and then a
Statement of Science for All Americans

One wili find 1n that what umounts to, we believe, the mest thor-
ough sta ement made 1n this century of what constitute~ across sci-
ence, math and technology, the kinds of knowledge, the level of un-
derstandings, the nature of the skills that everyone can and should
possess

We bring that your attention and hope that as you 1n Congress
work to help find solutions that you will also look at 1t 1n terms of
goa~ ours or others. that can be lovked upon as what we want to
achieve nationally During this period of 3 years, 4 years, we are
working with tea: hers, panels around the country to define alter-
native curricula that will reach that We are going to design the
best people in the country we can find to define the specifications
for testing, materials, construction, that wili contribute to the new
curriculum which will lead to the new goals.

So as we do that we will try ar.a keep you infurmed to the degree
that you interested 1n this 1 would say that in the work we are
doing now. not only have the foundations, such as Carnegie and
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Mellon anu MacArthur responded, but the National Science Foun-
dation 1s providing support, business and industry, IBM is provid-
ing a complete electronic network for our people, and the partici-
pating state apparatus are participating also.

So I bring this to your attention just as one example of what the
scientific community can do to try and move us toward thinking
long term solutions, a systems approach rather than a helter skel-
ter approach, and one that is fully collaborative between the scien-
tific cemmunities, the educational communities, and policy makers
such as yourself.

Thank you very much

Chairman GLENN Thank you very much.

Mr. Aldridge, Executive Director of the National Science Teach-
ers Association, your testimony, please.

TESTIMONY OF BILL G. ALDRIDGE, EXECUTIVE DIRECTOR,
NATIONAL SCIENCE TEACHERS ASSOCIATION, WASHINGTON, DC

Mr ALDRIDGE Mr. Chairman and members of the Committee,
thank you for inviting me here today I would like to briefly com-
ment on a few of the issues that were raised today and to make a
few comments atout the testimony, but would like the written tes-
timony to be entered into the record !

Chairman GLENN Your entire statement will be included in the
record

Mr ALDRIDGE Thank you | must say I am reminded by Carl
Sagan's presence here today of the fact that this Nation employs
30,000 astrologers but only 3,000 astrononers. Perhaps that is a re-
flection of some of our duficulties I might add that we produce
more prisoners from our schools than we do scientists That is per-
haps a reflection of a problem 1n this Nation.

Mr. Chairman, you mentioned twice Mr Wizard. Don Herbert 1s
a good friend of mine I spend a lot of time with him. He is actually
on 130 commercial television stations right now, and he also is on
Nickelodeon My own grandson watches those programs, and I'm
sure a lot of other children do, so as well There are people doing
something besides Car! Sagan in this regard.

I am gong to try to just skip around and look at a couple of
topics there were raised, because they are terribly important One
had to do with the fear of the Federal Government instituting
some sort of a national curriculum. Let me point out that there al-
ready 1s a national curriculum. It is the one produced by the pub-
lishers Forty percent of the textbooks in secondary school science
today are sold by two publishers. Those two publishers essentially
determine the national curriculum.

There are ways that the Congress can encourage national efforts
without making it a Federal curriculum There is a difference be-
tween a national curriculum and a Federal curriculum The Na-
tional Council of Teachers of Mathematics and the National Sci-
ence Teachers Association both, working with large groups of
teachers and administrators and others throughout the land, have
created standards and frameworks for reform ir iathematics and
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science education Those efforts are presently being supported by
both the Department of Education and the National Science Foun-
dation, and they can be enhanced enormously by the bill which you
are proposing

Let me just describe uickly the curricular framework that
NSTA has introduced We have. through support from the Depart-
ment of Education and the National Science Foundation, a pro-
gram—a national program, not a Federa! program—whereby sci-
ence will be provided for all children from grade 7 to 12 I essence
what we are domng 1s spreading out the various subjects over 6
vears and then not allowing for children to opt out Keep them in
the system! We arc convinced that when you reach the grade 11 or
1., the maheup of the group of very talented young people will be
niwre nearly an equal number of young men and young women.
and will be a better representation of the historically underrepre-
sented nunorities We are convinced of that and we have some
wonderful opportunities to test that hypothesis in schools in Hous-
ton and .n the State of California and in several other states where
we are beginning this process

But thet research and development effort, which 1in some cases s
bullding upon the goals that Jim Rutherford has provided us
through his project. cannot go anywhere without widespread imple-
mentation And that is disruptive and requires the regional consor-
tii and the National Clearinghouse that you are proposing

If we don't have that kind of support later. what we are doing
now 1s wasted And 1t 1sn't just vur projects, there are many others

Just ¢ couple of other comments 1 wish I could have commented
before the young people frons the Soviet Union left That 1s where |
am going this afternoon I am gomng to Mouscow to conclude some
negotiations with the USSR Academy of Sciences on a new student
publication This publication is designed to provide the enrichment
in grades 11 and 12 for these very bright kids It 1= a new magazine
called Quantum

That magazne i+ coming out in about 3 weeks We have asked
the President of the United States to deliver the first copy of the
firt tssue W President Gorbachev «.. December 2nd  And his
people in the Soviet Umon will be ashing tne same thing

This magazine. through the assistenee of screntists, leading scien-
tists and mathematicians in the United States and 1n the Soviet
Union. 1= the kind of cooperative etfort that we want to try to 1n-
(rease between these two countries We see that kind of coopera-
tin as the mechanism by which we are going to reduce expendi-
tures for defense 1n both countries <o that we will have the money
to do what we need to do in education Because that s where the
bulk of the funds are guing now, to protect us from a problem that
we need to eliminate

Again, let me stress the importance of the bill that you have pro-
posed, Senator Glenn The regional consortia. in our judgment,
would provide the necessary opportunity for local schouls to imple-
ment new reforms, whether they are ours or someone else’'s It
gives the upportumity for teacher tramning, it gives the opportunity
for additional research, assessments and all of the other compo-
nents that are needed




It is that initial implementation effort and the retraining of the
teachers to allow them to make those kinds of changes that your
bill properly addresses. The National Clearinghouse is excellent,
and the idea is superb I've made a comment in my written testi-
mony | want to emphasize here as well. It is important that the
materials collected not just be film and written material, but there
should be a very strong high technology component. That is, it
should be a database and a resource where data and information is
communicated electronically. We need to move into the same
realm as we find in defense and in the private sector, and that
component 1s very :mportant, and we could taik mcre about thac at
some other time.

I don't want to take longer now 1 think the written testimony
expressed our position, and I want to thank you for the opportunity
of coming today

Chairman GLENN Thank you very much, Mr Aldridge We ap-
preciate that very much

Dr Rutherford. what 15 the target date for completing the
Project 2061°

Dr RuthHerrorp Well, we hope by 1991 to have this next genera-
tion of resources. that is the curriculum alternatives and the other
guldelines. and that then we would go to work over the 10 to 15
following years with states and school districts to introduce radical
<hange So for us 1t 15 a process It 15 not as though we are going to
deliver a change at seme time We are using this whole first period
of getting ready rather than doing things in the schouls, of lining
up resources, intellectual and finuancial and otherwise, then for u
10 to 15 year campaign

Chairman GrenN How does our educational system compare
with foreign educational systems” We apparently put more money
per student into education than almost any nauon in the world Do
we try and take on too many other things. like extracurricular ac-
tivities” Do they leave things like that to other vrganizations or to
fanuly and community groups”

What 1s the difference and why dou they come out better than we
do with when we actually spend more money”

Dr Kuthuerrorp Well. 1n the first place, getting better test
scores 18 not the same thing as being better educated We don't
know that For example. D Miller. w ho has done testing here on sci-
entific hiteracy n this country, has had some of his surveys dupli-
cated in Great Bretain, and in Britain they did about the same, a
iittle worse than we did. There are some problems in the Soviet
Union now about when you can actually test for what people know

I think vur greatest argument 1s not how we compare with other
people, it 1s just patently evident that by our own standards and
for our own needs we are not producing people well educated in sci
ence and matl. natics

Mr ALpriDGE Senator, I behieve that the problem we have in sci-
ence and math—in this country particularly in science—is the
layer cake curriculum We are the only country in the world that
expects a person to learn all of physics in one year Everyone else
spreads 1t vu. over several years. That's built into our framework,
a change 1n that direction
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Imagine learning to play baseball in one year You are going to
zo and you are going to develop all of your skills and at the end of
that une year you stop, or learning tu play the pianc 1n one year.
These are low level skills compared to physics One has to develop
over time these different abilities, and that 1s a problem

I would point out some contrary achievement evidence, if you
will Remember that recently when e had the Physics Olympiads,
the 1nternativnal competition 1n physics, the top student with the
top gold medal was from the United States And there is a case
where by providing the stimulation to the very bright kids, as they
have done 1n the American Association of Physics Teachers, we
have been able to do something for that group

Chairman GLeNN Yes, but | don't see how we can ignore test
scores, because giving kids purticular problems to solve indicates «t
least some degree of the mastery of the subject You can’t ignore
thuse completely  And we are faitling so far behind that we just
cannot 1ignore those. can we”

Dr huTHerrorD Well, tie results are emburrassing. at the very
least. when we do so poorls 1 don't want to put down the tests, but
1 ar Just saving that one has to be careful about inferring fron
test stores dbout how well other cultures are doing. because these
things are so (losely tied Surelss we should be doing better on the
tests, particularly the good ones There are an array of those kinds
of examnations, some of which, it yvou look at them carefully, are
not ter by impressine they reward memory

\ lot of the vountries around the world —we did @ study of five
countres, and w. found a lot of countries really press rote
memory winch pass off in examinatiens But when you get into
the hinds of exams that do more than ' at. the results are u little
less clear But 1 don t argue that the Japanese and the West Ger-
mans in pa e ar do better on almost any kind of an examination
than we do

Chatrman Gress Do vou tavor something like the French Bac-
calaureate before we give hids a hygh school diploma?

My A DRIDGE Senalor v prosedt hos a national assessment
component We are going to produce tests that will be used nation-
aily Thes + tests are going to test performance. measure the ability
te solve problems. and have very few objective iterns of the kind
that we find in the typical test

| «erved or *he board for the international assesament, so 1 am
very tamithiar with those items, the tests and the way those were
adimnistered | oalso know the outcomes and 1 recognize that we
came out deficient There are lots ¢ explanations and reasons The
major reason s that we are wedk s because we don't offer the ap-
propriate curriculum  Not enough children study science--if you
don’t study it you cannot answer the questions —und several things
like that

Dr Rutnrkrorb 1 am not ternbly enthusiastic. 4 little ambiva-
lent, but nut enthusiastic about student examinativns But I would
examine every sthool and every state on performance against total
outcomes In other words. if a4 sthool or 4 district or a state 1s not
producing graduates that add up, that meet nationd standards,
tien I think we nught to know that But vou don't have to test all
the students 10 do that You can do representative—
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Chairman GLENN Should we have national standards’

Dr RUTHERFORD. Absolutely And we are far beyond the place
where you can believe that every village in America will come up
with the high standards. We have hardly moved in standards from
the time when President Conant of Harvard went across the coun-
try in 1960 and visited the high schools and discovered that they
did have a standard curriculum, the same in every school in the
land. and that the standards were dismal So rhetoric aZide, I think
the Nation has to decide what 1t wants its schools and children to
be able to do.

Mr. ALDRIDGE. You can have national standards without having
Federal standards

Chairman GLENN You made that point earlier and I picked up
on that. It 1s a fine hne If you are on a local school board, you are
gomng to probably refer to 1t as that Federal standard that came
down here

But at least we could start out by making certain that at least
schools give a math course up to a certain level, and  physics
course, and any chemistry course

Dr RiTHERFORp There could be standards for teachers There 13
no reason why we can't do that on a national bass

Chairman GLENN You think =e could set standards night here
and say, you cannot teach a math course in a high school in the
United States of America unless you pass X test You would set
that as a national requircment”

Dr RUTHERFORD No. but I think one could start off ", 1-tting a
standard of what would constitute a prepared teacher. and then
each vear say. this state and this state and thi~ state and this dis-
trict are falling below nat:onal standards

Chairman GLENN Okay That's different

Dr RUTHERFORD Let me comment on the teacher education. if 1
mav Two milizon of them out there. and every time you talk about
trying the 1veducate them, add up the dollars. vou are tatking
about muluples of bilhons of dollars | argue we need another
method tor the reeducation of our existing teaching staff, and that
1s why we need to redesign the school ~ystem instead of 1=t believ-
tng we ~an do some summer workshops

Chair.aan GLENN Senator Roth”

Senator Rotd Mr Chairman, 1 am soriy [ am late nd I am
going ‘o have to leave because of an a vointment. b vever 1 do
think these hearings are critically tinport.t

Let me just make a couple of comments [ had a coupie of science
teachers from Delaware visit my office a fe'v days ago They were
in town to receive the Presidential awards for Excellence 1n Math
Science Instruction along with teachers from each of the 50 states
In speaking to them, I thought their comments were quite interest
ng

My concern, after histening to the.., is that we continue to talk
and study and plan, but I gather, at least from these two individ-
uals, that they don't see much happening. And that worries me
very much The Chairman has a legislative proposal which may be
very sigmificant in heloing, 1 haven't had a chance to study it yet

Chairman GLENN You will love 1t
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Senator Rotu | am sure | will But I am concerned that we have
spent more money . we created a Department of Education, which 1
was very active in developing with Senator Ribicoff when he was
crrairman of this Committee And yvet we have not seen any results.
Let me start out by saviag I am strongly opposed to Washington
dictating curtculum 1 think that that could be a disaster In fact,
after we created the Departmuent of Education the first require-
ment that they laid down was that we had to teach a second lan-
guage 1f there were more than a certain number of students, and it
wasn t until after a bipartisan group of us—Sam Nunn and myself
in particular—that we reversed that Sc¢ I don't think taking 1t to
W ashington is the answer

But what worries me 1s that we create more and more bureatce-
racy and we pour 1n more ‘unds but it never gets to those we are
really tryving to help How do we he overcome this”

Dr Ritaerrorp Well. | don't know Some kinds cf help are
voing out For example. the Energy Department national laborato-
ries are providing traming opportunities for high school teachers in
~tence 7 National Science Foundauon 1s developing some new
curricula and has sonle training

I think part of 1t. Senator. is that the scale of investment 1s so
jow that 1t reaches too few people 1 mean. what is 1t that these
reachers are expe ting to have come their way. might be another
wav of putting it, that could be provided for them” And the
tates——

Senator RoTi Let e ash vou. what do you mean by scale of in-
vestment” Isnt 1t true that we are spending more money per stu-
dent than most countries’

Dr RutHERFORD Yes. but I dent understand the economics of
“hat or how the numbers were arrived at Bu® 1f we are spending
~omething lthe—the figure [ saw was $5.200 a year per student—
compare that to what it tahes to educate a colioge student. which 15
paster That runs 12000 to 314,600 a year. and daycare runs of the
order 'n America of 34.000 or $5.000 a year So we riay be spending
‘v e than ~ome other people bat thoese are not— -

Senator Roth But they are geiting results

Mr ALpripGE Mr Roth. it cost us 224000 a veor to keep people
.11 prison and we spend 34.000 a year on education

Senator RotH Lot me say. | know we can make these compari-
~ons Let's face the tact there oren t tremendous sums of mones
avatlable right now

Mr AwbrinGe Right Let me point out that some of your more
conseryative colleagues 1n vears past. in the last 9 years, systemati-
. ally made sure that we didn’t do any kind of national curriculum
'mplementation effort As a consequence of that. reforms and cur-
ricula that came out of the National Science Foundation died be-
cause they couldn t be implemented The tall that is being proposed
here reyerses for the first time that I know of that trend We
would now permit iriplementation of national or large scale efforts
on a local level where the decisions are made locally or regionally.
but st1ll they are national efforts

When NSF puts 330 million in a project where everyone in this
country 1 involved who 15 concerned about it in developing those
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matertals or methodology, 1t ought to be mmplen.ented. not die
That 1> what has happened i the last 9 or 10 yea's and that's——

Senator Ror Are vou sayving we should manaate 1t then from
Washington’

Mr AwvripcE Providing the necessary resources 1s not mandat-
g You are simply making 11 possible fur 1t to be done by the
people who know huw to do it and who have control over 1. at the
local and state levels And 1t 15 this kind of national leaaership
that we need. not the surt of thing where we prevent—systemati-
vally prevent things like this trom occurring And this did 1n fact
happen

Dr RutHeRrORD For exampie, under the Eisenhower Adminis-
tration it became possible to get local funds to put in scientific lab-
oratertes in high schools The schools weren't required to put In
Labs, but 1f they wanted to put in a lab or update 1t, the monies
were provided by the Federal Government 3o 1t wasn't coercion.
but 1t was suppurt Incidentally, that was the last tume that we
built new high ~chool laboratories in America

Senator Roth Well, unfortunately 1 have to leave, Mr Chair-
mian, but [ think nu area 1s more important than what we are talk-
g about today and I appreciate you gentlemen being here

Chatrman GrLeaN Thank you vers much We obviously could go
ol for hours with each panelist here this morning. and we thank
sou We may wanr t. oubmit additional questions to vou. as other
people have, end zood luck on your mission to Mescow here We
wish vou well

Qur last panel this morning 15 Dr Philip Uri Treisman Profes-
sur of Mathematics, Director of the Dana Center for innovation n
Mathemities and Science Education at Berkeley. and Betty Vetter,
Executive Director. Commission on Professionals in Science and
Technolog, of Washington, D C

Dr Treisman was recently recognized by Newsweek magazine as
one of cur redl innovators in American education His math work-
-hups have an extraordinary record in helping minority students
learn calculus Thesy have been replicated 1n over 2 campuses.

I was very interested in that because 1 guess my thought was.
Dr Trewsman, where were you when I needed you® I got through
calculus all right, but I struggled a little bit with it I could have
used vour help

Our other panelist this morning, Dr Shirley Malcom of the
Amertcan Association for the Advancement of Science Dr Malcom
1s @ well regarded educator and expert on minority education prob-
lems

And I should say about Ms Vetter of the Commission on Profes-
~iona's 1 Science and Technology. =he i1s an authority on human
resources Issues, and particularly the underrepresentation of
women and minorities in  he scientific pipeline as well as future
demographic trends

So we welcome sou this morning, and Dr Treisman. if you will
lead off we would appreciate 1t

RIC ‘1
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TESTIMONY OF PHILIP URI TREISMAN, PH.D., PROFESSUR OF
MATHEMATICS. BIRECTOR, DANA CENTER FOR INNOVATION IN
MATHEMATICS AND SCIENCE EDUCATION, UNIVERSITY OF
CALIFORNIA AT BERKELEY

Dr TaeisMan. | appreciate the opportunity to speak with you
about the difficult problems that we face as a nation 1n improving
math and science education

[ think 1t 1s clear from what has been said already—and if I can
speak as a teacher—that everyone has done their homework. The
problem 1s ywite clear Although i* 1s true, as a popular back rap
song says, that “Denial ain't ... another river in Egypt

it runs deep But I think that in my work in the university com-
munity in the muthematics community, and in the community of
teachers. everybods understands that this is no longer a question of
national prade or social justice, but fundamentaily a question of na-
tins] survaival

Because there are distinguished panelists here who know the de-
mographics and know the dimensions of the problem, I would like
tu just speak as a teacher who works on these problems every day
What are the issues that I have to address as a mathematician and
math teacher in trying to develop mathematically and scientifically
literate students. especially minority students?

The first thing. that was very hard to learn. was that most
people working un this problem. especially of produring mathemat-
weally literate minority students and scienufically 1 teral minority
students, are working on the wrong problems There are deeply
<eated behefs tha, the preblems—when I 2o out to schools and look
around, when 1 gu to vther campuses and look at other classes, you
~¢¢ that people belicve the problems are motivation People believe
the ptoblems are pour preparation at the level that precedes theirs
People believe *hat fanulios are a problem, and some reference was
made to that today People believe that income is the issue, that
the pour perform.nce of mipnorities 15 an artifuct of their higher
ievels of poverty

But when in fact you actually go out and look. which 1 did,
wwending 1% months setting up cots in the dorm rooms of my fresh-
men. going w their parties, trying to sit with them, put them to
bed. actually. and see how they did mathematics and science, you
quickly con to see that society’s views of what the issues are not
real. at least from the point of view of the teacher

Motnation is trivial. It 1s easy to motivate students to learn how
their bodies work. how the universe works The students who make
it through high school and into wollege often pay a very heavy price
tv do su The students who make 1t into graduate school have paid
4n enormous price. vet at each level the presumption 1s that moti-
vation Is an issue

Prior academic preparation Someone mentioned that decisions
about scence are made by the Tth grade That is true, but it 1s
really a condemnation of the schools. In fact, when you look at who
does well, academic preparation 1s not clearly a factor at all even
m college. When we looked at Berkeley students over 20 ye s, and
MIT and Stanford students, we found that in fact the students who
were compelling, among black students 1 particular, .id students
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of Mexican descent, were not the students with the strongest levels
of preparation. In fact, there were marked negative correlations. So
our presumptions about the difficulty were not right.

It wasn’t just the fauit of the schools, the hizh schools, who
blan ed the middle schools, who blamed the elementary schools,
who blamed the parents, and then someone's mother-in-law blam-
ing the person for marrying that character It was much more com-
plex.

In my studies of the families of students we had beliefs that the
families were not supportive, but we found when we went out
many, many mothers with heavy kitchen implements, pointing out
their children were going to do well in school. A..d I have been told
by a relative who is an encyclopedia salesman that minority com-
munities are the easiest mark for encyclopedias. The idea that fam-
ilies don't care about their children are at the source of the prob-
lem 15 sort of genetically impossible. The species doesn't work that
way.

Income doesn’t correlate 1 will mention, if you look at black per-
formance, income correlates negatively, principally because so
many black children who make 1t in higher education have parents
from one profession—public school employees, which is why their
incomes correlate negatively

So we also saw that there were large numbers of students, the
idea of families being the problem. If you look at the schools that
produce my best students, minority students, Garfield in LA, Jaime
Escalante, 27 percent of all the Hispanics in the United States who
passed the advanced placement in calculus exam last year come
from this one high school

Chairman GLENN. Say that again

Dr TreismMa~N Twenty-seven percent of all the Hispanic students
in the United States who passed the college board’s advance place-
meat calculus exam came from one high school. Was it families
that created—family support that created that school” No. But I
will tell you that family support followed the work of that school
and those teachers As soon as good things were happening in that
school enormous parental and community support emerged. And
are thuse students good? He has 200, 230 students taking calculus
every year, low income, lower middle class Hispanics. Yes, 50 of
themn are pretty mediocre from my perspective at the university,
120 of them are really good, maybe 28 of them are fantastic, they
could go to Stanford

Chairman GLENN Was the movie pretty accurate on how he
treats them?

Dr. TrRelsMaAN The movie was quite accurate. I have had 65 of
his students up through 2 years ago. And then every year he pro-
duces one or two students of awesome brilliance Rose Escoval,
Roger Para this year, absolutely first rate students who I hope will
replace me when I retire at Berkeley. So it shows what the poten-
tial actually is.

Aud when you look at the solutions, what ultimately are they
from the point of view of a teacher? For us, we had to think—we
had to realize that this 1ssue of developing science-ready and tal-
ented minority students and athematically talented students was
being treated as an administrative 1ssue and as a political issue,
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atid that nsti.utions had developed complex bureaucracies sepa-
rate from real education to deal with these students.

Moreover, in schools that started improving the performance of
students 1n certain courses, like algebra, it was quickly cleur,
Stockton doubied the number of minority students excelling in al-
gebra. What happened? Not enough teachers. All right. Double the
luad moving through any important point and the system collapses
because the teachers are gone

Where are the successes? The Garfields, Berkeley now producing
a significant number of minority students, Soledad in Saint Louis,
(lara Barton 1n Brooklyn Iu every case it is a group of mathemati-
cally and scientifically strong teachers who work in concert with a
reasonable administration. And the focus is on solid mathematics
and science Building community around the school, mimicking
what I learnen about the success of my Asian students Integration
of an mtellectual life with a social life, formed around schools.

Is 1t hard to do? You have seen increasing numbers of schools
producing these kinds of communities Perhaps four, certainly
fewer than six, high schools producing half the successful black AP
test takers What are they” Poor, lower middle class schools with
teachers who are m.athematically trained, who love their disci-
phines, perhaps recenuy divorced so they have time on their hands,
but working hard with kids

Now, | think what 1s clear and what most of these teachers have
leerned and that we have learned 1s that these problems have to be
treated as educational problems, and one of the difficulties is that
these students are being taught « curriculum which is essentially
wrrelevant

Bill Aldridge said 1t yuite beautafully, the pancake approach Stu-
dents now are learning in high schools the same math curriculum
that George Washington would have taken had he gone to high
~choul Students come out ot American high schools without learn-
g a single 1dea concenved 1n the last 100 years, a single 1dea
learned In the 'ast 100 years The time has come to really look at
thic as an educational problem

Praparation ol teachers is going tu be essent...! The average age
ol teachers teaching calculus, chemistry and physics in high school
1> the over o0, AP courses As we age average energy—not every-
ohe energy aveiage energy goes down We have very few college
~tudents interested in beconung teachers Fifteen gut of the 3.500
Berheley freshman as one of their top five choices expressed a pos-
«ible 1nterest 1n becoming a public school teacher

We need to construct strong national messages from every sector,
professional sucieties and Government, valuing teaching [ think
the religious sector alsv There 1s & slogan of my people that says,

Those who chuose to teach the young stand at the right hand of
God,” and I think that has to be really put out there clearly

Enormous amount has to be done to strengthen communities, to
strengthen families, to strengthen school admimstrations But if
there are nu teachers there, nothing 1s going to happen In the pro-
fessional communities [ think we do need to think about national—
not Federal—national standards. We need to figure out ways ol
supporting the scientific community, the AAAS, the National Sci-
ence Foundation in exactly the way that you propusc in your legis-
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lation, t6 make it possible for us—mathematiciars aud scientists—
to work on this problem.

The Federal Government created the research university with its
funding policies. Now it needs to figure out in what ways it can
help to change the professional definition of the research and facul-
ty communities to make it possible then to work on these ques-
tions. Thank you.

Chairman GLENN. Thank you very much. Ms. Vetter, Executive
Director, Commission on Professionals in Science and Technology.

TESTIMONY OF BETTY M. VETTER, EXECUTIVE DIRECTOR, COM-
MISSION ON PROFESSIONALS IN SCIENCE AND TECHNOLOGY,
WASHINGTON, DC !

Ms. VETTER. Thank you for the chance to talk to you this morn-
ing about some of the ways that we need to go about recruiting and
retaining women and the minorities, and 1 am going to stick with
women because we have got two minority specialists here.

You are already very familiar with the depressing sta‘istics
about the performance of American youth, and especially girls o> 2
mincrities, on both the national assessments in math and science,
and i the international competition with children from other na-
tions. You are also aware uf the need to recruit some individuals
out of that 66 percent of the population that is not white and male
if we ever have any hope of having enough scientists and engineers
in this country.

But what I would like to stress this morning is what it would
take to have a little leadership that would do something about the
devastating effect un achieving our objective that is wrought by our
societal mythologies about girls and boys and minorities of both
sexes The pervasive attitudes about the superiority of white boys
in math or in mechanical or spatial concepts over either girls or
minority boys, except, of course, Asian boys, assure that neither
girls nor minorities will generally make the effort to do so well in
these things

Of course, since we have convinced ourselves that the Asian
youngsters in our midst are inherently superior in science and
math, then most of the non-Asian youngsters, including many
white American boys also, drop vut of the competition because we
also teach our boys that it is shameful if not dishonorable to be
beaten by unworthy opponents like girls, or even Asians.

So the number and proporticn of American boys planning to
enter these fields has dropped steadily ever since we let girls in,
and since Asian immigrants increased in the 1980s.

The accomplishment of the Asian students, incidentally, and par-
ticularly the immigrant Asian youngsters at the precollege level
over the past few years, gives us an excellent demonstration of ex-
actly what T am talking about. What happens when everybody as-
sumes that because you are a member of a particular group—in
this case Asian—you are particularly good at something such as
mathematics. And, of course, the mythology tells you this. Every
thing that comes up tells vou uver and over again how good you

Psee p =T or Ms Vetror § prepared statement
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are at this bocause, of course, vou are Asian and all Asians do
math

Of course, the opposite also is true. If you are told often encugh
that girls aren't very good at math, or, “Oh, that's okay, honey,
vou don't have to do this, I couldn’t do math either”, or that black
children aren't as smart as white children, then the individual will
give up when something is difficult or not understood.

And the conclusion of all this is that it is not just our children
that need to be educated, it is our whole society It also shows us
he. valuable it might be 1if we could provide our girls with enough
self esteem and confidence about their abilities that not only would
they not drop out of math and science as soon as possible, but
many of them would be persuaded to enter science and math fields,
particularly if they understood that the Nation needs them They
don't understand that because 1t is never told to them.

We know both from research at the University of Minnesota—
most recently in a program for gifted mathematics precollege stu-
dents known as UMDTYMD—and from several other studies, that
girls whu are mathematically talented are much less likely than
simtlarly talented boys to be select>d by their teachers or by their
schools for special programs for the mathematically talented, or
even to be recognized by their families as being exceptional and
t.r7;,.ded with a supportive home base

Girls who do well 1in math are assumed by their parents to have
; urked very hard Boys who do well are assumed to be very talent-
¢ 1 When found gualified, the girls were more likely than the boys
to reject admission to iany special program for the mathematically
vifted children And of course once 1n such a program, given equal
ability and equal g, ades, the girls were less likely to persist The
lach of appropriate support. either from school or especially from
the tamily. . vell a~ lack of other girls 1n the class, ar. all impor-
tant 1ssues Lut 1t 15 also important that the message of society to
irls 1s that bovs won't like them if they are smart That 1s what
we tell them now Girls aren't supposed to be smart, they are sup-
posed to be preity

Your proposal for scholarships. one each to a girl ard o Foy in
every State would do a tremendous amount to sav in o very direct
way, girls can do ~cience and math We have extensive evidence to
~how that differences 1n capab:ility and talent and personality are
much greater between individuals of the same sex than are the
penerdalized dil'erences between the sexes But teachers and par-
ents and soclety n gereral continue to assume that httle gidls, in
comparisor: sith little boys, are better at reading, net so good at
math. less naturally aggressive, more interested 1in nurturing, and
-0 on ad nausear

The assumptions are damoging to both the girls and the boys
The teachers continue to treat girls and boys differently, even
those who would swear they didn't They call on girls less often.
pay less attent,on to then answers when they have becn called on
They provide less praise for then ideas, and they cut them off or
alloa the boys tu interrupt them before they complete their state-
ments

The- well documented differenves continue in college and into
the world of work There has been no nutional effort of any kind to
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try to encourage girls to prepare for science and engineering ca-
reers There have been a lot of programs aimed at minorities,
which are good and should be continued. The one program that
was set up many years ago in the National Science Foundation to
support one-day workshops to encourage women to come into sci-
ence and math were stopped a decade ago. So were the programs
for reentry women, to take women who had a bachelor’s degree in
one of the science or engineering fields, science particularly, and
retread them, get them ready to come back into the world of work

Today's young women are not encouraged *o consider careers in
science or engineering They have never been told they are capable
¢f being excellent in science and math, or that they are needed
And the perhaps equally important piece is they don’t even under-
stand the importance of math and nobody thinks to tell them Boys
do understand why it 1s important to go on in meth They are not
quite sure all the time, but they get the good message that it is im-
portant. Girls never get the message.

We are now producing fewer baccalaureates in the natural sci-
ences and in engineering every year, starting with 1986 as the
peak We will drop now numerically. In engineering, for example,
we are dropping about 14,000 degrees a year at the baccalau-eate
level, and we will cortinue to do that for several more years, but
women are not only decreasing numerically, they are now starting
to decrease proportionally, and they never began to reach parity
with the men 1n this area

Both men and women freshman indicate a declining interest in
majoring in the natural science or engineering fields, and at the
higher degree levels which are required for professional positions
in the sciences, wonien earn only 1 out of 5 of the PhDs in these
fields While their percentage of ductoral awards is continuing to
rise, very slowly, that 1s due as much tu the reduction in numbers
of American men as it 1s to the increase 1n the numbers of Amerr-
can women

There are a number of excellent programs scactered through the
Nation's schools that have started in the past few years to improve
science and math education, and you just heard about a couple of
the more far out «nd long term ones that I hope ultimately will be
widely available But the problem 1s to lucate the small, healthy
trees in this great vast forest of mediocrity, and then to make sure
that the rcot-stocks are available for transplant intu other school
systems that are ready for the change

The Nationa! Science Foundation, which has funded several of
the pilot efforts, vught to be perhaps responsible for determining
which ones have been proved effective and should be made avail
able, but certainly the clearinghouse that your bill proposes 15 very
vital wherever that clearinghouse is located.

Several States ure moving ahead, both separately and in groups,
to institute new educational programs and policies at the precol-
lege level. Many professional groups—and you have heard from
some this morning—are working on new curriculum concepts. In-
dustry is pruviding more and more support to individual schools,
and to individual school programs All these activities are needed
and they must continue
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There are very few programs that are designed for women One
of these 1s the Math. Science Network, which got started at Mills
College about 15 years ago It now reaches about 75,000 girls a
vear. That 1s great. It is nationwide, but 75,000 girls is just a drop
in the bucket It should be available to every girl, but 1t isn't be-
cause they don’t have enough rmoney. The University of Minneso-
ta's program, known by 1ts acronym, UMPTYMP, has obtained 3
vear funding from the Bush Foundation for an intervention pro-
gram to solve some of the problems in the participation of mathe-
matically talented girls, and to select them. But the problems that
have been found in Minnesota for that program are not unique to
Minnesota They are everywhere

To reach the important goal of :ncreusirg ir output of scien-
tists, we need more women out of the shrink.ng baccalaureate pop-
ulation to go on into graduate school and tu continue their gradu-
ate study, but they are going to need some additional assistance
that 1sn't now available Women science graduate studente now are
presently less hikely than men, including foreign men 1n the same
field, to have either institutional or Federal support during their
graduate studies They are more hkely than men to be self support
ing or to have to borrow money tu get th:ough National fellow-
ships to support graduate students kave declined very sharply over
the past decade, and instead, fund: for hir'ng research assistants
have gone to academic researchers, wh. are mostly men

Ty pically, the male faculty who get most of the research grants—
beciiuse there are so few female faculty i these fields—prefer to
use male graduate students to help with their research, or prefer
ably even male foreign students So research assistantships, which
provide an apprentice ~p o researchers working on therr PhDs,
are just generally not as available to women as to men

Women graduate students are more likely to have mstitutional
support. which 1s usually in the form of a teaching assistantship
and, unlike a research assistantship, requares extra time from the
praduate research program to prepare teaching matenals, and in
some cases, to grade papers

it should be noted that although the cost of a graduate education
in the sume institution s the same for men and women, the ability
to repay education loans s affected by the fact that women are
pard less than men once they enter the work force Among full
time workers. women earn less than men with the same degrees
and expr rience level i every field of scierce, and the difference in
creases with years of experience

Women have one additional need which results fromn the iact
that their best years for graduate stady and for the early profes
wonal vears and the best years for «hildbearing comncide While
chtld care should be a joint responsibin y for parents, the reahty s
that women with small ch.ddren need o lditional monetary support
to cover child care expenses while they complete graduate work
and do their early years on a nost-doc.oral level

The lack of funds for child care may require even the best
women graduate students to withdraw {rom a graduate program
Beginning next year the National Science oundation has just des
gnated X0 of 1ts 1,000 graduate fellowships as a set-aside for
women 1n engineering That’s great but there aren’ enough
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women 1n engineering to take them yet. It i1s too bad they don’t
allow some of the fellowships to go to women 1n the physical sci-
ences, where we need them just as much. It is a step in the right
direction, but it is not enough

While the role ¢f the Federal Government in precollege educa-
tion is limited, I think it is also a vital one. Some of the legislation
of the past, if fully implemented, could go a long way to take care
of some of ti:e problems of recruiting minority children and girls in
science. Even small amounts of educational difference mzke a sig-
nificant difference in the outcom~ If intervention dcesn’t occur
here, doing it later is too late

Head Start, for example, is a proven program which compensates
in many ways for the lack of enrichment that 1s suffered by many
children prior to entering kindergarten, but in 1988 only one out of
tive ehgible children was served by Head Start There was no
money

Education, including intervention education, pays. It is the alter-
natives that are so costly Tomorrow's college age population from
which we are going to have to draw tomorrow’s scientists and eng:
neers. 1s going to continue to contract through the mid-1990s This
provides a window of opportunity for young men and women which
apparently is not vet visible to many of them.

It also provides a real challenge to the Nation. America’s talent
puol includes equal numbers of males and females, and they come
in all skin colors As a nation, we can no longer afferd to waste any
of the talent But avoiding the waste 15 going require equalizing
sume treatment 1n the schoo! and the workplace, sume shared re-
sponsibility for home nand famuly, and perhaps most important of
all, a change in societal attitudes toward girls and women A little
leadership from the top could make a big difference That task 1s
immense, but the alternative 1s unthinkable

Thank you

Chairman GLENN Thank you. Ms Vetter

Dr Shirley Malcom, the head. Directorate for Education und
Human Resources Programs. American Assuciation for the Ad
vancement of Science, welcome

TESTIMONY OF SHIRLEY M. MALCOM, PH.I).. HEAD. DIRECTOR-
ATE FOR EDUCATION AND HUMAN RESOURCES PROGRAMS,
AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCI-
ENCE, WASHINGTON, DC!

Dr Mawrcom. Goou morning Thank you very much fur the oppor-
tunity to come and taik about the issues that relate to the partici-
pation or under participation, we should say, of minorities—blacks,
Hispanics and American Indians—in scientific and engineering ca-
reers.

I am a big fan of puzzles and detective stories Now, imagine
yourself in a detective story You are a detective who is brought in
to solve the case of the leaky pipeline. You are shown a statistical
picture of the kindergarten class of 1964 There are a lot of black,

See po otor Dr Malcom s prepased tab rien
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Hispanic and American Indian students there They make up at
least 12 percent of that class

Then you are shown a picture of the Ph D class of 1388 What
you find is that of the 749 doctorates that are awarded in mathe-
matics by US universities, only 341 were received by US citizens,
only six of whom were American Indian, black or Hispanic 1 want
to repeat and underscore this point Only six Ph Ds were awarded
to black, Hispanic and American Indian citizens in 1988

One Ph.D went to a black American Similarly, { of 514 Ph Ds in
computer science. 28 of 1,302 Ph.Ds in physics and astronomy, 66 of
2018 Ph Ds. in chemisiry. 12 of 726 Ph Ds in earth, atmospheric
and marine science, and 66 of 4,190 Ph.Ds in engineering were re-
cerved by members of these racial ethnic minority groups

And I'would venture to guess that of that tw. a disproportionate
share probably came out of Howard Adams Graduate Engineering
Programs for Minorities This is the magnitude of problem that we
are facing here

Now, can we afford these low levels of productivity when minori-
Lies become one-third of our Nation at the turn of the century” 1
think not Why are the numbers so low at the Ph D level” Where
did the people go”

Well, one of my bosses. Whlter Massey. a black physicist who 1s
the chair of the AAAS board of directors, ~ays that there are so
tew nunority Ph D stientists because there are few undergraduate
minorities in suence and engineering, because there are so few
who come from hirh ~chool headed toward science and engineering,
and on and on

Some of e students went to work after they completed the bac-
calaureate degree But we knoo that 1t wasn’'t many. becouse mi-
norities are underrepresented at the baccalaureate levels just as
they are at the Ph D levels

Why can't we get more people’ 1 think that the panelists */h
have preceded me have outlined a lot of the factors that we are
facing as to why we can't attract more nunonity students Key
among those s that we tend, for nuinority students, all too often to
part.eipate in a situation of weeding rather than cultivating

Rather than taking the students that we have, taking them
where they happen to be, whatever they bring in, whatever
srengths or deficencies or anything, and moving them to some
place thot we percenve they have to go inorder to be successful, we
participate instead 1in weeding out rather than cultivating

We don't retamn the minority students who come in with an in-
tenton as freshmen to magor in science and engineering We don’t
retain them to the baccalaureate degree Maybe if we had 30 more
Ur1 Trewsnians tunning around the country trying to help people
understand w hat they are doing to people, we would do a better jo*
of this, but we don't We have one Uri and ene Betty and one Shir
ley and one of all of us, and unfortunately there 1s just 0 much
that we can do

That 15 why we have to have things that multiply the effect of
what we can do to provide the technical assistance to help people
understand how they, too, can put something into place that can
intervene. that can keep nature from taking its course
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One of the things 1t 18 important to reahze 1s that what we are
dealing with 1s a total systems problem which 1s going to require a
total systems solution There are problem. with regard to teachers
There are problems with regard to the way that our schools are
structured There are problems with regard to curriculum We
have no 1dea what we want our young people to know and to be
able to do We cannot yet articulate it, and we cannot teach that to
which we have not ourselves committed.

There are problems with regacd to just vesting the concerns in
schools. because learning does not only take place in the school. 1t
takes place as well in the coinmumty and in the home And we
have to have a coordinated approach that reaches out to all of
those places so that children are enabled to learn, that they are
given the opportunity to learn

Today we are holdir g a meeting at AAAS, a training session for
a group of mimisters « nd lay persons who are participating in the
AAAS Black churches program They are running math and sc1
ence programs after school. on Saturdays Many of them have com-
muntty computer learning centers that are there in their churches
as a part of them They are trymg w reach out into commutities to
make a difference We have to multiply that effort and multiply
the effort of all of the other groups that are out there who are con-
corned . bout the education of black, Hispame and American
Indian kids

We are not going to sohve these problems working independentiy
of each other We all have to do our part. but we must do 1t in the
conteat of a coherent strategy  We are going to have to bite the
bullet and say. ‘out system s fathng ™ But we are also gomng to
have 1o realize that i so many of these cases 1t 1s not our children
who need fixing. it 1~ our system

We have programs that are out there. hundreds of them, thou-
wads of them Betty Vetter mentioned some of them We have hist-
ngs of a lot of them We need more of them. but we cannot 1gnore
the formal educational svstem We can never create enough nfor-
mal programs to replace or substitute the formal educational
svstem

But the informal programs are instructive, they pive a4 message,
they teach us a lesson that we have to histen to When you have
academically competent people teaching who are enthusiastic, who
care about their subject. who expect all of their nldren to learn.
when vou provide high expectations and an opportunity to engage
m scienc: discovery and in mathematies learning, these children
respond

I think that oir historically black colleges and umversities and
our nstitutions ~erving Hispanie and Amencan Indian students in
-ubstantial numbers have taught us that when a nurturing and
cultivating strategy is employed, these students respond We know
what we have to do Now we must have the leadership and the will
and the comnitment to move forward with that knowledge

Thans you

Chairman Grexy  Thank you very much Thank all of you 1
wish we had several hours here

Let me try and simphfy this a httle bit and find out if I am com-
pletely off base on some of this 1 mentioned earher. kids tend to
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rise to the level of expectation And we talked about the Asian
kids, there's an assumption that they are good :n math "automati-
cally " No, 1t isn’'t necessarily that. It is the fact that the Asian
kids by and large have a very coitesive family unit and the families
expect it out of them

What vou, Dr Treisman, in effect do at Berkeley—and [ read
background mxterial on what you had done there—is very interest
ing You did not take the remedial approach—that you are a
dummy, I'm going to prop you up in this area here.

You took the opposite approach that said, okay, we are going to
have a workshop for excellence. It wasn't remedial; it was how ex-
cellent can you be In some ways you are sort of filling the family
role there. You are an absent family unit, if you w-nted to over-
simplify it. Does that oversimplify it”

Dr TreisMaN | tnink another member of the fanmly 1 think
there 1s a hittle danger 1n thinking about 1t only as a question of
examinations It 1s true that children rise almost to the level of ex-
pectation, but there alsu has to be substance There has to be suo-
stance

The human species, as Carl Sagan said, wants to understand If
there ure rich environments in which students can learn and there
are expectations that they will do so, everything | have seen in my
life as a teacher shows that students wall respond

Chairman GLENN  Any of the rest of you want to comment on
that”

Ms VETTER I think he s absolutels right

Dr Marcom Absolutels

Ms VEFrer They will also respond in the vpposite direction 1f
vou 4re assumed to be incapable you will reach the level of incapa-
bility that you are assumed to have

Chairman GLENN See, we get trn two ways here We are devel
oping new curriculum, we ore duing ail these different things here
on curriculum There has tu be the substance there, | grant vou
that But then vou make a vers powerful. powerful case with the
examples of some teachers that just by the dynamics of their teach
ing are centers of excellence beyond anything you would normall’
expect out of whatever the curriculum is or 1s not 'n particular
wchools You poimnt out a half u dozen schools in the United States.
high schools that vou know of that are supply pomts for kid:
that—-—

Dr Treismas But these teachers learn - if vou look at Gatfield.
in the early days they started with the worst kinds of instructional
matenals, crank and plug, rote drnll They liked 1t, their students
liked 1t And they discovered a vear or 2 in that therr students
couldr't do anything And they were forced to figure out—in their
words—how much time they could buy to free themselves from the
textbooks

[n my case 1t took 3 or 4 years of realizing that I could help stu-
dents get A's 1n calculus That was relatively easy Helping 'nem
really to come to the next level of doing mathematics required that
| rethoupht what calculus was about Our college courses were
compressed post-Sputnik They were essentially sorting and select-
ing devices designed 1n a time of surplus

ERIC .
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No student with intellectual integrity can learn physics from col-
legze physies courses It comes ~o quickly that you can oniy learn it
tormally So they are really twin problems There is the question of
consiructing academic community, of providing teachers who have
the freedom and the ability to actually teach and to work with
kids. and on the other hand there 1s the question of substance

Chairman GLENN How tmrportant 1s this spreading out the hole
process of math and science education that was mentioned earlier
today so that 15 an ongoing process through a number of years.
ratter than taking kids up to a point and then saying, bang. you
are now mmmersed 'n this and then you are out and immersed in
something else”

Is that a very important factor or i~ that a minor factor”

Dr Treismax In the middle I 1+ an important swmificant
factor

Chairman GLENN Ms Vetter. what 1 you think’

Ms Verrer | agree that it 1s an important significant factor It
is not the only one. but I think 1t would make a lo* of difference
We bring children in too fast end send them back out too fast. from
math. from science They are eapected to learn all the physics they
are going to get 1n 1 year and so many of them dont even ap-
proach physics

Chairman GLENN Are the testing programs vahd—you heard the
conversation here a moument are—are the testing programs valid
that cempare our students with other ~tudents around the world”

Ms VeTTER Oh. ves [ think they are

Dr Treisman | believe that, unfortunately. they are and that
somet:mes teachers are defensine about this and look for—in Chica-
o the average third grader ~ume years ago tesied at the level of—
third grade black student—tested at the legal of mental retarda-
tion And v response of the community and the teachers was test
bias Welt mavbe three points [ mean 1t s an order of mazmtude
three orders of magmitude

“harrman GLENN Well. if the test scores are vahd, then where
are we going wrong’ Is 1t in the teaching then” Do the foreign
teachers have a better grasp of things’ Do they motivate” Do they
do the things hike vou are talking about” Do they have raore expec-
ratior. their students”

What 15 different then’ Because in foreign nation’s they have
plack kids. they are native Indian kids. they have all sort~ of kids
So we can t say that that is our big difference

Dr TreisMan It 1s clear that the Soviet Union has roughly the
same kind of diversity that we do

Chairman CLENN Well, not quite as far as mnonity —it 1s a dif-
terent minority representation, but they have some minorities, yes

Dr Trrisman They have many minorities It 1s not a guestion of
diversity, I think [ think it 15 also clear that none of the countries
in the world 15 doing espectally well 1 mean. the differences are
there. but there don't seem to be students who are really excelling
in the large

But I think that 1t 15 a problem of numbers of hour- and num-
bers—just raw numbers of hours of instruction, the »orking cond-
Lions of teachers, the things that teachers are responsible for If we
look 1o communities now vthnographically. studying the black stu
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dents, we see them coming home and watching Divorce Court We
need i fact to rethunk huw many hours of schooling there needs to
he

Chairman GrexN  Does that get back to tamuly expectations
then. family control. tamily dictating what the kids are going to do
«hen they are out of school”

Dr Tresman 1 think that if schools in many communities were
~ 0 5 muixed with daveare and were year round. there would be
2IOrMOUS sUppurt

Dr Marcosm You know. une of the things that we have seen 1+
that a lot of these atter school programs in fact provide the kind of
alternative Where the alternaave exists. the kids actually flock to
it It s not a4 matter that inev are looking 10 go tu see Dnorce
Court, 1t 15 yust that that 1s the only thing that 1s there

It there were other things that were there, other options for en-
saping n meeningful activity. | think that n tact they wuld de
that You asked the question about the international comparisons
and whether they are valhid aad what are we doing wrong. One of
the things that [ see. quite frankls. 1s that we don't actually give
aur hids the content that would be needed to answer the guestions
to pertorm well on thuose tests We have su dumbed down and re-
duced the curriculum te a point where they don't get what they
need to mahe ~ense out ot the things that are asked on the examt-
nation

We have to have a refoch at the curniculum I think that people
Lke Juime Escalante and Uri and othe' teachers who are out there
wre successful in spite ot the carriculum and, 10 fact. have to
wnore iU in vrder really o mahke the hinds of progress with the stu-
dents that needs to be inade

We du have o do something with that content, because everyon.
= nut that kind of teacher Most of these children will not be
served ~. heavy hitters They are going to have regular people who
have " somehow provide the students with *“e opportunity to
'ear  the subject matter that we think 1s 1m,  ant and s neces-
<ary to be successtul and productive within the work force and as
Jitizens

Dr Tretsmax 1 think 1t 15 opportunity to learn, that's the iarg-
est factor that we can influence If students see—looking at the Na-
tional Assessment of Educational Progress and going back and
studying what students have seen at varying levels of performance,
students who have seen good mathematics and science du very well
on mathematics and science tests Students who have workbooks,
drill and practice. do very poorly

Chairman Gren~N Should we be putting a lot more into teacher
education”

Dr TreismMan Absolutely

Chairman Grenn Toucher qualification, teacher standards”

M~ Vermier Absolutely We did ~oraething totally unintentional
shen we decided to upen the world to women so that they could
be something besides a nurse or a teacher, which 15 the only thing
we used to let them do And we didn't realize that what would
happen 1s that we would lose this cadre of dedicated teac. rrs be-
cause they would now be able o go do something else. and we
didn’t make up for it

.
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Well, as the teachers got worse and worse and we of course,
were trying to grew more teachers very rapidly because our stu-
dents were increasing. and the teachers did not keep up. so we
started paying them less and respecting them less. and this went in
a victous circle w here the teachers got down to th.. quality that was
so exceedingly pour—and many of them are still in the school
system.

Now, we are going to lose a lot of the rest of those in the next 10
vears sunply because they will get old enough to retire But if we
don't do something very intensive to make sure that their replace-
ments are able to do a better job. I think we can send the whole
thing d~wn the drain

™ Marcosm. I think that there 1s a key issue also n the fact

.at as the minority student populadon is increasirg. the minority

~hor population s decreasing. Now. that 1s not to say that every
mit. 1 » hid needs to be taught by a minority teacher. but I think
that 1. sends the wrong message to the minority kids as well es to
the majority kids when you do not see minority teachers And I
think that this 15> something that w - are really going to have to
deal with

Chairman GLENN Is that » IF experience, too, with these groups
now’ For instanve—and 1 don't want anybody to misunderstand
this—1it you tahe a couple of black hids. and you have a group of =
and vou have got some Asian kids and others. does race play a
tactor i their acceptability back and torth Do the Asian kids 2o
for an Astan academiv excellence group that they bat ideas off of,
as vou describe in the literature. and if a black kid  mes into that
he 1= 10t accepted by that gr- 5 And vice versa’

Dr Terismax | think. unfortunately, on average 1 true. and
it s =ad It reflects a tatlure of our rociety 1 certomly to work
harder to reach out to my students to make it possible r me to
really interact with them as human bemgs And the fact that there
are no black faculty ——

Chairman Grenn Unfortunately, there are a lot of hurdles we
are not over yet, obviously

Dr Marcoy Well. yvou know. one of the things that makes that
tough 1> that when you are a black student in a physics program,
tor example. at a majority in.itution. n all likelihood you are the
only vne You have no one to study with You don’t have a support
system You have to find your support system some place else This
1> often true with women too When you have this 1solation. it
niakes it tough If vou can reach critical mass, get enough people so
they can support each other. you are usually in pretty good shape

Chairman GLENN We are on a vote—and | hate to end this even
thuugh we are way over time here—but we are on a vote and we
are down to our last few minutes So I have to go for the floor here

We appreciate you all being here this morning It nas been very
interesting We obviously need a day for each one of you here. not
as a panel So thank you all very much, we appreciate it

The hearing will stand in recess subject to the call of the Chair

{Whereupon. at 1230 pm . the Committee was adjourned subject
. the call of the Chair |
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Reform in Science and Mathematics Education:
Strength in RNumbers

Mr Cha:irman:

Let me begin by thanking you for the opportunity to appear before
this Committee today to share some of my thoughts on one of the
most troublesome problems facing our nation: the fate of our

chiidren 1n an increasingly technolngical world

While I have sprwer cotten or this subject, 1 have not had the
pleasure - as 1 4 - day - t> testify at a Congressional hearing
devotea s>leiy . the subje t of science and mathematics
eduratinor refH rm ! romrend you, Yr  Chairmair, and ycur

corrittee tor ~>hver:ng t day s hear.ng, ant [ lnok forward to a

merning ot o oometr, t.ue digTys3ion

b nAormar, e r.ted Staves fa os a supf.y and demand

Tr.gLS Simp . rrared, our lemand tor ecientigsts and enqgineers
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N rentiers Ar o wv s neers bae norsed e RO N oevery sector ot ur
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sosery ye3r oberas v 142 and 1995 et a 3= iining juantity of
vy 2ng 1 pae, 1y L larly w omen ar ! winorities, are .nterested
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Today we stand at ~rmssroads, as a true emergency 1N science and
mathemat 1 s education takes shdpe all around us For example,
6% ot all elementary school science teachers fa:l to meet the
Natin~nal Science Teachers Association’s mainmmum certification
requirements, and "S% ot science teachers ain grades 7-9 fail to
meet those requirements

Of the nation s 24,un0 high s-hools: 7,000 offer no physics

“sars e, 4,000 after n~ hemistry and 2,000 offer no biology of
the high s"h.nls which 4y otser scaence courses, the proportion

that als~ fier ranis ~r  abara' Ty «~~rk has dropped from 53%

in 97T to 39k tonay Mire .e1, one .n three high schools does

nor s fter en ugh matt ot era’ o even the best students to enter
eering Soh

The gos ~ " S S LTINS S L mpes e A 1985
vy v RTr o graters o] S ourrriea 1oant the 'hited States
vayrRe d T oA et Coer o algetoa, 1ntroan Jeometry and
R e oLt aHn sttty Llege-bound hagh
- .o . oot et Lcvies s American stuydents
~r ' A ' s v and deat Tasr oun balogy

I S R TR S N ard o1 3o neers, ar
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The percentage of .ollege freshmen choosing to major in
engineering has declined 21% in the last 10 years, while the
percentage choosing toO major in computer science has declined /5
percent And 1n 1986, 55% of all doctoral degrees 1n engineering
awarded 1n the United States went to foreign stuaents, and 23% of

all doctoral degrees 1n sclence went to foreign students

T turther esa-erbate the problem, vur changing demographics »re

startliing Blacke and Hi1spanics curiently make up 20% of the

United States population, but account for less than 2% of

dortorai degrees i1n science and engineer.ng

By *he year 02U, these twe groups will make up cne-third cf the
Amet 1 an pepuatl n, and yet we are tasling to incorporate them
int the s lernce anl engineering fipeline Tday, 63% of the 22
year- - ids arnothe ogted States are neither white nor male and the
Pel oeTtaje - Lt 1easing’ we must tap ante that pocl

L S (T2 AU B 1 N T ow, WE wa.. Need 30,000 new soaen~e
R IR IR L SR TR RN T S R O SRR A By the year

) L T T PRV AL AL A DU S ¢ Lertosteoand

CERED I LRI P we ey Ll et tL. the < pence edgcatann

yab et lale Wty terearer And 1, ke ctydent

frpulation

TPae CLlp ooy 301 Tl Xaset e and ' L% p1Rls == hLas
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bembs and buliets, btut health, housing, and the education of our
children The ~owpetit.on o1 the limited pool of scientists in

the tuture wi.l ul*imately toach overy e

The responsibility for addressing this preoblem does not rest
N solely with the federa. 3overnment - 1t must 1nveolve the private

sector as well as the vast array of local, state and federal

res>urces thrsujh ut the nation we coo 1 strong national
’
vadership v beha t ot sc1en e and te-hnology within the federal
Jovernment , whi r [ bel.owvee we hate t 0t gn the President s
fabanet-le, el 8 ern e Afvge
Strong dTeawrss pois dgus nesded gn budget ne ot arons )
prevert rudier it~ oo llrding with R & U tunding, especially
e e teen s Ry ke Wy Cattuy, strong o leddership iy Needed
AR IV L it 0 Mt s s e woand martemartics shalls
1ot amg CLor. e peeased i~ s aen e and technology
Wl Pe b art e s At T ke e oro, 3 tst ot the
L 1 A
oo . ' . Loe g R S L ty ot ieating
P . . Lo I LTS NS T rthys omil Mr
tsorar v a1 ! by v bweer W Lyt Jether fovel vpoa
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Mme b,y establoshes 4 pernnanent, tederal anteragency
oordinating coufci. to provide corrdination and enhancement
across the federal mission agencies in science and mathematics
eiucaticnal a“ti.1t1es and opportun.ties The second bill, which
wail be Adlsiussr | bore today, nffers a «omprehensive strategy to
enhan e ©du at, o 1n these sulject matters through out the

nat:.n

We are protposing a ratiolal netwerx  toregional (onsortiums -
Coe®opriums 1n *re trae me3r ong ot the wor i - oa bringing together
t existang ce= . ocs oin tive Jifterent regi e throughout the

\

Traited St tes e a8 ot the nx *tiums w.ll be to provide

v ohr 3. Yemistar e ind fissemiratyct ! orecources to large and

eyt b gt ) Gt S0 1odaety t< tht aghout theqs
toouriar e s wWe [y L emers £ *n ¢ rmal and informal
e d P L R S T TT AOTEE S AR , 'va hers, adrmanmistrators,
T S

T St T a” ! voon toe e e
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Finaiia WL g iatun o wal ptovade key support te the informal
sorence edu ats noLomnuntty tor furthe: development and
snhaniemert ot 2 teractive  hands-on  science exhibits., We will
reach ogt t museums, learning centers, libraries and churches.
Whatever the st1y tyre 18 which 'ques and teaches the ch:ld

.
Adtitimal’y, 1* sear Lt oannevatiy e medel programs, 1 oam
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Thank you for this opportunity to present some 1deas on hcw
the nation can go about the urgent business of reforming science
education. Our failures in science education are ubiquitous,
long-standing, nationally debilitating, and well-xncwn. For toc
long now, last .g solutions have evaded us. In my remarks,
therefore, I wiil concentrate on suggesting finding solutions
rather than on defining, once more, the problems.

My comments are presented in three related sections. The
first discusses why 1! 1S that our prior efforts to refcrm
science education 1n the United States have yielded sc little
S. cess. The second focuses On the curr,culum as the certerpiere
of reform and summar.zes the approach be:ng taken by the Americar
Association for the Advancement o f Sc:icnce. The final section I
will comment on the draft bill being propcsed by senstors vlenn
and Hatfield.

I. The Fa:.ure -f Refcrm :n Sc.ence EJ .ation

Since World war II, the United States has zxperienced three
major reform Cycles cencering on science education. The first
was largely in response to post-war industrialization, the second
to the space race, a~d the current oOne to intensifying global
economic competition. In esch case the country came te beliee
that our ability to resj~nd zffectively depended, 1n the final
analvsis, upon radically imprnving education, €specially, but not
exclusively, in sCience and mathematics.

In each recurring manifestation of the "science education
crisis,” there has been » flurry of action--public and private,
local, state 2nd Pederal--followed Dy a tailing off of effort.
The net result 18 not reassuring, for as the studies of the last
decade have #hown, the nation's schools are failing to produce
graduates who are able to participate responsibly 1in s world

1
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largely shaped by scisnce and echnclogy. Why have the reform
efforts not added up to lasting reform?

My answer points more toO what we have fajled o do than 0
the failures of wha: we have .ndertaxen tc do, more te how we
have gone about doing things rather than what we have done. To
be sure, time and aga:n we have taken action: passed state laws
to raise standarcds, funded curriculum development projects and
teacher inservice training, created scholarship and recognition
programs for sci:ence and math teachers, established :i1nformation
and support centers, formed business-schoo. partnerships, put
some new technology :n the schocls, and much else. However,
viewed nati.nally and cver time, our approach in all cf this has
been timid, spcradic, and haphazard.

(1} As a iaz:i0n, we have viewed school reflrm as aerely a
matce: of fixing up tre existing syster :instead of
comp.etely transforming .t. All of the ev:dence--ard,
:ndeed much ¢f the rhetoric--calis for a radical
restructur:ing of e.emen:a'y and secondary educat:on. and ye:
we set:le for pazchwork s<i.tions. We have been un~illing,
it seems, 'o accept :he rot:ion that significant and lasting
reform wi1ll taxe t:.re (a generat:on or longer) and reguire a
major national invesisent. Contrast our shortsightedness :n
educat:on with tne vision and boldness with which we
indertook the space program after Sputnik and the buiiding
of the interstate "~.ghway sys:ex.

,2) Lack.ng a strong rarisral sense of tr
comp.etely tra~sform publ.c educatidn, 0Ou s .
sc: -1ce ed.ca:;on rnave corne and gone in response to dr.frirng
public mocd. ong before the lates: reform meas.tes,
whatever they may be, can taxe roo:, a conmp.acent pudlic
ioses interes: and the effort duxnd:es. Our pol:tical
.eaders, mos: ¢f wror must jurely undersrand how ..‘gh the
stakes are for tre zourtry and that reform Dy convuisioe
wi.l not work, have fa,led so far o create a wav of
s.sta.r.ng a nat.on.:de refeoim €201t 10nG ercugh to crange
the system.

e reed o
4 ve"\rm e“'\r

s 20F

13) As sens:ible as trey may .~d.v:dually seex at the l.re,
our hundreds 0f p.eces of sta%e and federa. leg:slat:on and
our thousands of ;raticnal, state, and locai) projects and
programs have beern as SO many tempora:: patches--and patcres
on patches--siapped here and thare on a Sinking vessel. 954
approach to reform .n science educa:.on has been, and
continues to be, a hotchpoich: try this anc try that, do
something here and someth:ng else there, start and stop and
start again, go one way and go another. This haprazard
approach 1s as inescapable as 1t 1s fru:tless, given the
absence ¢f clear nat:onal goals and of a bcid nat:icrnal
strategy for refor~

\)‘ l)_,
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While there 1s much to be sa:d about the first two claims-=
that our approach to ra2form in science education has been timid
rather than sweeping and sporadic rather than sustained--I will
focus my atteantion on the third--our chaotic approach to reform.
{Throughout, I differentiate between national and federal. The
former refers to scope, and may include local, state, and Federal
jurisdictions, and the private sector as well: the latter refers
©.ly to the legislative and executive branches of the U.S.
Government.)

A serious effort to transform the American school system
nationwide must, I believe, be focussed on the atta:nment of
spec:fied national educational goals and must be part of a
carefully thought out national strategy. I do not propose to
spell these out--that 1s the jJob of Congress and the
Administration in collaborat:on with the states--but to suggest
what their elements m:ght be.

National goais

At the recent educat.on summit mee:.ng c¢f the pres:dent and
the governors, 1t was agreed that the next step must de to
formulate national goals for the schools. This 18 an 1mp&rtant
step forward, for the right set of 2mbit:ious yet attainable goals
will make 1t possible to bring coherence :nto our necessarily
diverse reform activ:zies. The right set, that 1s. The
temptation will be ¢o set goals dealiing such (somew~hat)
measurable matters as time spent 1ir scrool, the amount of scierce
and math to be taxen by students, the Gua..ficat.ons ol teachers,
attendance and dropout rates, graduai:on standards, violence in
the sChools. ciass si:ze, performance or standard.zed te>.>, etc.,
and stop there. Mcre 1s needed.

‘n adid.ticn, the rnat:on needs a clear and comprenens.ve set
of goals speiling ou: what ali ch.ldren 5ho..d xnow ané be able
tc 3o by the ti:me trey complete high school. By this I do not
mean what 1§ taught dut wrat res:.dua. x~oOv.iedge and s-/.lls remwa.-
2after the exams are sver and the deza..s forgititen. These
Learning goa.s shou.d:

cover the sciences !by »*.cr I nean ire natura. and soc.al
sciences, mathemaz.cs, and techndlogy; and the humar.ties,

conceitrate on the commen core of «n<.ledge and ski..s we
expect of al. Our C.t.zens rather tnan on that fcr t-ise
students whe w#i.1 g¢ On to the var:iows speciali:zed
occupatiors,

place qua.ity of u.nderszani.ng above quantity of mater.al to
be learned sc trat the schocls can corcenirate tneir efforts
on what 1is rea.ly essential, and

3




[E

66

be cast in a way that makes it possible for curricula to oe
developed for reaching them and for procedures to be
desioned for assessing their attainment by sc! 507001
digtricts, the states, and the nation.

Nati10nal strategies

If 1t 1s to occur at all, the reform of sc.ence education in
America will require local, state and federal action. But given
the extreme disaggregat:on of resources and authority that
Characteri2es our educat:ional system, 1t 1s all the more urgent
that there be a national strategy for reform. Otherwise our
efforts will continue to be piecemeal, hit and miss., and often at
odds with each other. The kind of strategy we need 1is one having
compcnents and characteristics such as these:

It would, as suggested above, call for the 1dentification
and promulgation of pational goals. Al!l reform measures
would then be judged In terms of their ability to contribate
to those goals. Thess same goals would be used to monitor
and report national progress (or lack of progress). What
can be done to i1dentify anc promulcate national goals?

The strategy would be comprehens:ive, dealing with all
students, all subject areas, and ali aspects of the schocl
system.

A key part of the reform strategy must be the :ntrocduction
of new curricula 1n the elementary and secondary <_hools.
Such curricula should be designed to insure that all
students achieve the understandings and sk:ills specified :in
the nat:onal goais statement. Trey should also help define
what changes are needed in the des:gn of learning mater:ais,
the orgar.zation of :instruction, the preparat:or of
teachers, eic. In this operaticnal serse, curriculurn refzrm
becomes a centerp.ece in the transformation of the educa::con
svs*ter

The divisior of respons.bility--whc does what, who pays
what--would te spelled cut among .ocal, state, and Federal
Jurisdictions. As part of this, a capability for monitoring
and coord:inating the varicus efforts needs to be created.
Part of the strategy wou.d include react:ng agreement on
~hat happens when particular districts or states faii or are
Jdnable to carry out their agreed-.pon responsibilities,

Responsibilities woul.d be assigned to all of those Federal
agencies having a ma)or stake in the quality and character
of precollege education. Congress would provide appropriace
budgetary resources to each, and some process instituted for
mON' .ring the performance of each. Included wculd be

4
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Defense, the individual military services, Energy,
Agriculture, Labor, Commerce, NIH, the Public Health
Service, NASA, EPA, and others in addition, of course, to
Education and NSF.

A mechanism would be estabiished for cocrd:inating
Congressional action as it bears on the reform of education.
with so many d:fferent committees being involved :in oOne
aspect or another of science, science education, and
education in general, :t 1s difficult to formulate
comprehensive and compatible poiicies.

The strategy would 1nciude a provision for moderniz:ing the
entire educat.on Systaw technologically--every school and
classroom 1n every state. This would call on all that 18
wnown about :anformation and communications systems, about
learning and teaching, and about the cost-effective
operatic. .. complex systems. Such an education
infrastructure might be thought of as relating to learning
and teaching as does the interstate highway system (with 1ts
connect:ons to state ané local roads) 1s to tramsportatior.

The recruitment of the nat:sn's teachirg faculty ouaht to

recelve specia. attent:ion. Current approaches, paroch.al o

concept.on and practice, nhave cavied Gismaily. Not onl; do

we not seem :C be able to recruit endugh talented young

people :ntc teach:ing, we arze do.ng ever worse 1in attract.-3
at

minorities .nto the prefess.on. This at tne time when the
proportion ¢f minority st derts 1s rising 1n the schocls and
science .o.e models arc more needed than ever, Someth:ng 1s
needed or a nat:ona. scale corparable tO the recruiting
effort of t~e m..itary serv.ces. Th.s w.l. ipvo.ve far mo:e
tnat a fe« scholarst.ps and lots of piead.ng.
s~ a.. of n.s, the mawver cof momey cannii be ducxed. It .s
poss.tle. .nceed lixely, that a rex syster of ed.carion
co..d be - ¢ ccst effective than tre presert One, but "
ocrder "= get SuCn A syser .t w..1 be necessary ¢ inves:t
supstant:a. capital in charg:ing the systen. Simple
c.thretiC SAOWS that pop-.ar tIi..sms, such as “money 15 "ot
the probler,” are bes.de the po.ri, the pci~t be:ng that it
taxes cep.ta. otner tha~ what 1%t taxkes 0 run a sysiem to
change .t. Wnere 15 the refcrw cap.*a. to come from? A
na.ona. po.iCy should maxe it <.ear who has tc pay for
what, anéd a p.an dev:sed for aggregating and d:spens.ng tre

.
necessar, funds. Simply :nCreas:"g tre pudget of tne
Department of Education may rot be the way dc this.

Pinaliy t.me. As d.fficult as .t .s, we reed a strateg.c
p.an for keeping us :n the gare ‘srg encugh tO implement
changes tha% wil. S5uiv.-2. Only a -3ng term effcrr can bear

£r 1. Programs, prosec:s, axd ¢,~ding must have lifetime

w
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expectations of decades rather than years, and evaluaticns
of effects must not be rushed. The “quarterly profit a~d
loss statemer*"” syndrome is fatal in educat:on, for only a
long term approach has a chance to succeed.

Project 2061

In 1981, the American Association for the Advancement of
Science (AAAS) became very worried about the situation 1n the
schools of our country. While the AAAS was concerned about the
ability of America to produce enough scient:sts, mathematicians
and engineers to meet our future needs, it was especially
distressed by the accumulating evidence that few of our high
8chool graduates are scientifically literate.

Believing that the future of America, and the future of
American science, as weil, depends heavily on the quality of
science education of all of our citizens, the AAAS put scie._.e
literacy at the top of its list of priorities. Using 1ts own
resources, and supported by grants from foundations and iadustry,
the AAAS 1instituted a series of programs and projects (to add to
those already underway) intended to help the schools produce
scienti1fically literate graduates. Among these are:

SCIENCE RESOURCES FOR SCHOOLS -~ hands-on activities
(:nvolving math and engineer:ng, as well as science) for
middle~grade students

CHALLENGE OF THE UNKNOWN -- a seri:es of fiimed sequences
(d1str buted free of charge along with a teacher's guide) to
be used by m:ddle-grade math students :in learning
guantitative pro“lem solving

SCIENCE SEMINARS FOR TEACHERS -~ top sc:entists meet with
small groups of jun.or and senior h.Gh school srience
teachers to Ciscuss the nature and s:gnificance of recent
discoveries

SCIENCE EDUCATION NEWS -- mcnthly review of new projects and
developments 1n science education distridbuteld free of charge
to 1nterested scient.sts, educators, poliCy makers, and
business leaders

SCIENCE EDUCATION DIRECTORY -- anr.al listing of
individuals, nat:onal organizations (sc.entific and
educational), and (federal and state} agenc:.es ang
legislative committees

HATIONAL FORUM ON SCHOOL SCIENCE -- each year AAAS ccnvenes
leaders from education, science, business and government to
d.scuss issues 1in science educa-.on and promote act:i:on

€

ERIC

Aruitoxt provided by Eic:




-

O

ERIC

Aruitoxt provided by Eic:

69

PHIS YEAR IN SCHOOL SCIENCE -- a widely distributed annual
publicat.on, based on commi:ssioned papers and analysis of
recent data, that focusses on the topic of that year's
National Forum

SCIENCE EDUCATIUN IN GLOBAL PERSPECTIVE: LESSONS FROM FIVE
COUNTRIES -- an example of studies published from time tO
time by AAAS on key topics 1n science education

But even as AAAS was 1instituting these programs, 1t was
looking at the bigger picCture in science education, 1ncluding the
failure of previous such efforts to result in deep and lasting
reform, i an effort to come up with a strategy for change that
would work. By 1984, the details of a long-term, comprehensive
reform project had been worked out, and, in 1985, thanks to
support from the Carnegie Corpurat:on of New York and the Andrew
W. Meilon Foundation, PROJECT 2061: EDUCATION FOR A CHANGING
FUTURE +as launched.

A summary of PROJECT 2061 1s subm:tted as a suppiement to my
remarxs, so ! will not go into detai. here. Instéad 1 wi.l point
out some of i1ts features that bear on the matters before this
committee.

The prclect 1s comprehensive in Severa. respects. First 1t
defines science literacy In a way that Cuts across a.l of
the natural and soc:al sciences, mathematics, and
technology. These are so linked to each other and 0
contemporary life that they need O be considered together
Moreover, it 1s comprehersive 1in that 1t focusses on al:l
grades (in the belief that it wi.. take the full K-1i2
experience to produce scientif.ca.ly l.terate grad.ates; and
will dea. with all components of the System {CurricCuium,
mater.a.s, methods, teacher preparaticn, tesiing, erc.)

Project 20561 1s long-term, de:ng des:gred tO take two
decades or ionger tc achieve nationwide transformation of
science and technology educat:on 1n the schools. Because of
th.s time commitment, the project 1s divaded into phases.

Phase I, now complete after three years of work by
hurdreds of sc.entists aad educators, set Out onty to
define goals--what everyore shou.d know and be able to
do in science, math and technology by the time they
graduate.

Phase 11, now underway, 1S a three-year effort to
design alternative Curricuium models for achieving the
Phase I goals and to prepare guidelines fo. action
des! 4 with the Otrer components of the sys'em.
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Phase IIl 1s expected to take 10 to iS5 years to
inpiement the Phase II designs nationwide.

Project 2061 1s Qoal-directed, which 1s why so much time and
energy +as inves <d in defining goals. These are spelled
out in the Phase 1 report, Science for All Americans,
probably the most comprehensive description of what
constitutes scientific literacy yet formulated.

The project is collaborative. It already engages
scientists, matRhematicians, engineers, educaters,
philosophers, historians, industrialists, and PoliCy makers.
and 1n due course parents and other stakeholders will be
full participants.

A central feature of the Project 2061 approach to reform 1s
that teachers have a critical creative role to play. They
are not being asked to 1mplement Cuiricula developed by
others, but to taxe the lead 1n des:igning alternative
models. Phase II has been designed to accomplish this.

Des:gn teams have heen selected from six different
communities representative of the diversity of America.
Each team 1s composed of 20 teachers, 3 principals, and
2 curriculum specialists, collectively cutting across
a.l grades and subject areas.

Over the more than two years that they will be
developing their models, the team rembers will devote
summers td the project as well as having four days of
release t:me each month.

Each team will be supported in several ways, including
dedicated work space; computers at home and in the
proyect space, the latest electronic 2nd print
materials related to their work: funds for travel to
investigate unusual curricula elsewhere and to
participate in professional and educational meetings:
consultants as needed: and the physical and
intellectual resources Of ore or more collaboratin_
universities.

In developing new K-12 curricula in science, math and
technology, the teams are not bound bv the constraints
of their existing sysiems, and are fiee tc be as
inventive 48 they wish. Moreover, they are not under
the gun to design curricula to cover all of the

traditional material but only that found 1n Science for

All Americans. Quality in scien~e education, rather
than quantity, :18 what they are about.

s )
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It can be seen from this brief review that Project 2061
incorporates an entirely new approach to reform 1n s2idnce
education. Perhapt it can, to some degree, become part of a
national effort. At the very least, consideration should be
given to adopting the learning goals of Project 2061, as
expressed in Science for All Americans, as national goals.

Comments on "The Excellence 1n
Science, Mathematics, and Technology Education Act of 1990*

I would be pleased to meet with staff to go over the
propcsed bi1ll 1n detail. For the momcnt. let me note the
following:

1. I agre> that a bill (or set of related bills) 1s needed
to "establish a leadership role for the Federal
Government 1r. promoting pre-college science,
mathematics,and technology educstion reform.” Indeed,
given my earlier comments on formulating a national
approach to reform, such a move 1s p: ably essential.

2. The draft bill, however, 1s not nearly comprehensive
enough to serve that purpose. It calls for the
establishment of only two mechanisms--regional
consortiums and a national clearinghouse--when 1n all
likelihood many others are alsc needed.

3. At the same time, more 1s being expected of the
rejional consortiums than they are likely to be able to
deliver, especially since the funding level,
$15,000,000 18 so modest, even given local matching.
For that amount, relat:vely few teachers can be brought
up to necessary standards of knowledge of science, matn
and technology and of new methods of teaching that
content, let alone all of the other functions listed 1in
Sec. 103 of the draft bill.

4. If tnis 1s to be a limited b:li. as :t might well be
and st1ll be wor*h passing, then 1t should be sharply
focussed on one particular func.ion. Of the choices
possible, training classroom teachers might not be the
one of choice. It 18 expensive (as 1t 13 generally
done) and often futile unless other matters are dealt
with simultaneously.

5. But of course the draft bill says, in that section,
only that "such activities may 1nclude” any of the 14
listed ones. “"May,” however, softens the bill from a
systems standpoint, once again resulting 1n
uncoordinated, patchwork activities that do not add up
to & systematic ref,rm effort.

9
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Many of the activities called for are already beirg
carried out, though on limited scale. For example,
Quite a few national, state, and loral alliances have
come 1nto being 1n the lzst decade, and some are quite
effective (although most of them struggle for
resources). And programs for under-represented in
science and engineering are numerous and funded by
government agencies and charitable foundations.

It 1s not clear what services the Regional Consortiums
and National Clearinghouse would serve that are not

already being provided (albeit on too small a scale) by

the regional educational
National Diffusion Network,
Statistics, NSF and other Federa' entities.

1

atories, ERIC, the
¢ Office of Educational

There 18 no provisiza to engag other Federal agencies

other than the Department of Education and the Naticnal

Science Foundation.

Yet a dozen or more Federal
agencies have a grear stake .n the quality of
precollege science education and ought to be required
to participate in reforming it.

The bill does not have a focus on goals, such as thcse
suggested bv the scientific community in Science for
All Americans or being developed by the governors.
Such an explicit orientation would make it easier to
coordinate the activities proposed by this bill with
those created by other leg:islat:on.

finally, 1 suggest that the
18 out of scale in relation
as noted earlier, but still
magnitude and complexity of

addressed.

10

proposed level of funding
to the proposed activities,
more 8o with regard to tix
the problem being
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Introduction

The crisis in science, mathematics and technology education 1n
the Uruted States 1s thoroughly documented by reports, studies, and
testimonies of experts. It would be an easy matter to provide the
cammuttee with a repetition of the dismal and frightening statistics and
data which 1llustrates the senousness of this crisis.* But, this has been
dene over and over again, and 1t 1s time to focus on solving the
problem

Let me summarize the most serious part of the problem and 1ts
consequences  The problem consists ot several parts. The Uniuted
States 1s tailing to educate its citizens in science and technology. Not
by are we taling to provide the essential science and technology
Aoowledge and skalls to those atizens who are working in fields other
than sclence and technology, but we are failing even to produce
suthictent numbers and sutficient quality ot scientists and engineers
trom our ewn country - The tact that halt of the engineenng faculty in
the Lnute. “ates now wonststs ot toreign nationals 1s a stunning
admussion ot our tatdure to produce graduate engineers A major part
erour problem has been the abject tailure ot intervention techruques
in bringing women.and minorities INto SCCRitic careers or even In
FetunIng many trom munority groups in our schools  Without the
proportional partiapation of women and minonties 1n the suentific
and techmaal occupations over the next several vears, the Uarted
States cannet possilly mamtain even its current level of defense,
competitive edge or economy much less make the needed

mmprovements

Secespe v the Saence and Mathematies Tducation Brie ing Book ot
Hosvor Researdh Ine @rapel Hul, NCLoAugust 1989)
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Instead of sporadic intervention for specific population segments,
the entire country desperately needs hugh-quality education for all
children Young people, not just future scientists, should be exposed
to core curriculum of well-designed science and technology courses
taught by well-prepared teachers. All young people must remain in
science and technology classes throughout high school This can be
accomplished through reform efforts in science instruction and by the
deveiopment of appropriate curnculum so that all children can succeed
1n science

Although some tederal support tor retorm efforts 1n science
education has been torthcomung, such tunas are largely serving the
purpose ot teacher traiung and research, and development of curr. la
at the rational level The costs ot local adaptations and
implementations are tar higher and cannot reasonably be supported by
lowal or state governments alone  These are generally one-time start
Up costs pecessary onlv until the local school districts can support the

normal operating expenses

Federal Role in the Support of Scence, Mathematics, and
Technology Education

Let me atter what [ believe are reasonable cniteria for the federal
role 1 suence 2nd methematics education and indhicat  which agencies
have the appropriate responsibility W hen national needs, like detense,
COMPLatl eness O the RAlOn S etenonty, are senously popardized
vhon thery s 2 federal responsibility to Jeal wath the problem  Tias
< tuatton presentiv edists n saence mathematies, ard technology

vt aner Shar the probienmy regiires researdh or the develonment of
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onginal matenals of the kind that can be generalized and used
throughout the nation, 1t 1s unreasonable to expect these costs to be
borne by state or local governments. This 1s clearly a federal
responsioility It new developments in science, mathematcs, and
technology educatin require unusual start-up costs, such costs would
be so disruptive of local budgets or even ct state government budgets,
that at least part of the costs should be borne by the federal
government  Once a program tor delinvery of science and mathematics
education 1s established, then it becomes the responsibility of local and .
state goverrments to tully support it The tederal government should

not be 1in the business of providing routine costs for mnstruction or for

foutme in-service tramung tor teachers It s he larger expenditures

required to address a cnsis, national in scope, that should tring the

tederal government mto the support of saience and mathematics

education

Specific Agency Responsibilities for the Iederal Role

Now corsider the responsibility ot ditterent agencies  The two
mawe” government tunding agencies tor saence education are the
National Scence Foundation and the Department of Education  The
Natonai Scence Foundation has primary responsibility tor basic
researcho e ~Cicnce, engineenng and In science and engineering
education inciuding research and development associated with
instructionu methodology or curticalum  Ine dewlopmcnt ot original
materials s also the roponsibilit of the National Science Founaation
But, the implementation ot rew materials that will be used
natienw :de should be the tunction o the Department ot Fdudaw n

Also the reraauny of Larze nomeers of teachers for natonal

vt
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imp! ‘mentation of new programs and curncula should be the
recponsibulity of the Department of Education Basic genenc research
In ecucation should be the responsib:lity of the D artmeru of
Education If the educational research 1s specific to science,
engineering or mathematics, en the research should be the National
Saience Foundauon s responsibility  There should be a continuum of
responsibility trom one agency to the other, with basic resear-h
provided by NSF at one end, and implementation of that reseaich for
new programs provided by the Department ot Education at the other
end ot the cortiruum The same kind ot wontinuura would follow for
the relatedness ot t e research and development or implementation

ACHVINeS T Ssaenee 1O nonesaence areas of education

Needs ot Science, Math and Te ) nology [ducation
Witlotne tederal role established and the appropriate tunctions

Jdenineg tor the NsE and the Doparment ot Faacation, let us consider
urgent natonal nevas and how they nught be met by these agencies
The presert Natienal Saence Foundation: programs provide the base ot

suppore tor rosearch ard development and tor teacher enhancement 1n
sowercc o ard Cdinelogy What are additonally needed however
ATe wons ho Tenont’ consortivinis to dissenunate new retorm-
dovdoped materals and teachiryr methodologies ang 1 national
CeAnInED tse DT sueh muaterials and methods Each consortium
SHOUE coPssl g ba e center dovated at o college, unnversity or

oxisuny osc b and devdoprient center Regular tunding should be

provide T copnetr the Gore crerational covs of such @ center ot
wrLoo e b tor Crinsraties osts Regenan
i
,
"v
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Consort:ums would 1dentity, adapt dissemunate, and implement
science, mathematics, and technulogy educ ton instruction matenals
teaching methods and assessmeni tools for use 1n elementary or
secondary schools  Regular r.nding should not include funds for
research ur development  Such cemsortia or centers should seek
support trom the Nauon.! Sciepce Foundatiorn or the Department ot
Educanen competitieny with thor groups o these ad 1ittonal runds
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schools Some of the costs are the responsibility of the state and
federal governmenc It 15 in thus latter phase that the federal consortia
funding would be espeaially appropniate  With even 50% federal
support, a consortium in Houston, for e ample, could fullv implement
the reform 1n a'l secondary schools 1 1993 that -1l begin with only

three schools 1n the fall of 199¢

Nationel Clearinghouse
Le: me (omument now on the peed tor 1 nationai cleaninghouse .
to- disseminanor of retorm matenals and methodolegy  Presently. the
Natona, Sconce Teachers AssoGanon s serving 3“2 national
deanirg sase and coerdinating body for our scope, sequence and

coordinanien retcrm etiort NSTA Hr a gronp ot organizations with a

fer aata r wapanded natonal ciearinghouse wouid be a two-
Wway operalion reeinng the vxcellent new matenals and information
TOM fRe vanoas Jonsortla ant rrom tne various federal agencies and

aissermipat.ng thuose matenals threvghout the US - One mmportant wav

.y

or thi

g

task o 2e axcomplished s .arougt the electronuc buietin
board svates Presontlv, NSTA has three pudetin boards up ard
SUNNING 24 Folrs a day servin tnomsande ot sclence teachers and
educaters  Trrougt such builet.n boards teachers can commurnicat?
and transter w~son matenals bacx and torth rapidly in a rorm that can
e printed ana used immediatelv  The electronic Jata bases have the
fotertid’ ot providing simulations of expeniments for students, test

gems 1 oo used by reachers tor student evaluation, and new text or

Y
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reading material st going irough the development phase  The
electronic balletin boards also provide :or commurucanons on critical
matters lLike laboratony safety, rew local, state and federal programs of
suppert and intormation on mnstitutes and jobs A national
cleannghouse should serve as an example of Amerncan techrology 1t
should rot mereh ze g distribution point for printed matenal, films or
1apes New advances in compact dish tectnology are revolutionizing
data sto.aze remneval and the mivng of vanous med:a in educational

detery A razonal cleaninghouse must take ad antage of this new

tochnolo :

SVoas well a the comrputer
Concluston
ot oaarnatanord b delay soluing its problems o sclence

O wducanon The nroposed regional consoctiums an i

Tanora. Lewirghouse are essertin to the suodess ot any retorm ezfort

The Natiral Saence Teacners 3wocatior stands ready to assist the

LTRSS 0 tr LV anioas federa., AeNcles T ensure this success
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ST\ Project on Scope. Sequerce, and Ceordination
of Secondary School Science

Project Director - Bill G. Aldnidge
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The following tramework has been proposed

Proposed kxample of a Revised Sennce Cu-ziculum
For Grades * Through 12« the Leited States

Vrade Lot Totd
Time
. ‘. » 2 Spent
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accessible tu all will also mean more and better scientists and engineers--and a
different mix among them. including larger numbers of such now underrepresented
groups as women and minonties
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The Origin of Scope, Sequence and Coordination
of Secondary School Science Education

"..the basic ideas that lie at the heart of all
science and mathematics and the basic themes that
give form to Iife and literature are as simple as they
are powerful. To be in command of *hese basic ideas,
to use them eHectively, requires a continuul deepening
of one's l/huc’?’\fﬂflulhf of them in progressively more
complex_forms. It is only when such basic ideas are
out in formalized rerms as equations or elaborated
~orbal concepts that they are out of reach of the
youny chili. it he has ot first understood them
mtuitwely and had a chance to try them out on his
cwn. The early teacking of science, mathematics,
social studies and literatuwre should be designed to
teach these subjocts with scrupulous intellectual
honesty. Fut w:ts an emphasis upon the intuilive
grasp of tieas and upon the use of ihese basic ideas.
A curriculion a5 1t develovs should revisit these basic
Lieas repeatedly, buildmg upon them wntil the student
has grasped e fudl formal ipparatus that goes with
them.”

Jerome S. Bruner

The DProcess of Education
Harvard University Press
Cambridge, 1960
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Y N oo T ATty Y appear tetore you today U diccuss the
o e it g L retgn wre owamen  amd runorities eto seienee and

e T A s s et e ways ane whiteh that might be acecomplished.

Sintees ceams oaltes the npatoor’s first assessments of mathematics and

Selrto Monlden oy, 4. Lo and T year olls, dur hadren continue o
pett e pow the 9T el o svers dpe g owp. add well below the levels of
e ather uatt res Wby are sur seientific and techpoloyraal o onipetitors,

It v ar apealhiry e trent of current educational and sovletal pa terns that
TR erIoranee ey o sceeft e aetweer o) year oid MHoys and arls has mere
At wanied Across fte Uve assessaents of sewence Achievenent, and that the

B Y T L T O SALTIE T SN I Hy age 7, altnough vnung, \eriesn
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vt T S

Tre Large otterence n scer o perforndioe Cannot e explsined Ly
Ut rentia aursestusarg eattoens, 2t there s prowityg ovidence Hf continued
fifterec tal fredtuent  and Lpportumities  for boys  and girls an sclence
(R34 SVTRLS TR NN Leacners and textboons, #s well as parents and soctshization
,alterns, Wl obts Lte o one differences in porformance hetween the sexes.
ABouE Sems meoent oans gre spparent tor 14 and 17 yeur old Ylasck and
thisoan « vlents, Uieir aversde protl wney remens 4l weast four vars Lehind
TRer atiale eers, Vore thar bait of our young people by age 17 are
sprepared oentar owny occdpslen regquining technr sl owalls, and oply seven
eetort o tave eafret noagh o saience o erforn well in ollege level science
P,

NATIonar sl s ores s ack ap e YA and AC T have dropued substantally
ol oth sexese L he gnereasing s cers of 1 or-Asian sanonty  students seore
@eo wow chates, and giarks, ot scored higher than boys o the verba' section
t CONAL oy BT now score 'S points below oovs o the verbal SAL

an 1 W, ints elow L patheRiAates,
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American g£i1rls gre told and shown very early in school and elsewhere that
thev are not evpected to be as good in math as boys, and so of course, this
secoues a self-fulfiling prophecy. Minority children in wany >chools get the
same wessage of mfertority and lack of avility.

Although there ire some 1inuicatidns that high school students of Loth
wexes are continuing therr study of msthematics lunger than was true five years
cvarlier, women are not increasing their registration in the advanced mathemati >
courses mequired for entry to engineering and the hard sciences (fig. 1.
turther, when glven their choice of course selection beginming at mnth grade,
wre girls than boys drop out of mathematics. ard non-isian winorities are
considerably less nixely than majority high school students to enroll in & college
o repsratory mathematics sequence.

Percent

tiurur . Highest Mathematics Course Taken by 17 year olcs, 1982 and 1986.
Data Source Dossey I he Mathematics Report (ard

tbut even gifls who are aathematically talented are lesn lixely than
simtlarly  talented hHoys to be selected by their teschers for special programs, or
sven to he cecognized by their famihes as exceptionsl and proviaed with @
supportive hLome environment to achieve ir mathematics. Che Umveraity of
\linnesota Tslented Youth Mathematics Program (LMTYMP) found that girls were
cubstantiglly less Likely than boys w bLe chosen even 1o tane the quahfying
sxamination for the progrem when the selection w8s made by >chool officials.
when found quahfied. girls were more likely than bLoys to reject adinission to
the progrsm, and once in 1t, given equsl ability aad cqual grades, female
persistence was lower.  lhe lack of appropriate support either from the school
or wspecially from the famly, as well as the ack of uther girls in the class,
were tmportant 14sues.,

‘Having o family indifferently request withdrawal of u girl perforaung
near the twp of er ~lass while another tenaciousiy pleads tu continue & boy
who 1% strugghr,. occurred all too freguently,” according to the progr
director, Harvey heynes. Girls slso had to deal with the cultural 1ssues of
coping socislly  aith Yreing 8 smart girl, and with a lack of realization of the

.+ :t of mathemstics. lssues affecting personal esteem, such as lacx of self
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come Sf tis deop i the result Hf Jdemographie fuctors - that is, fewer
AR OWeY4 irths safter 360, resulting n fewer college age students hy  the
LR Jowever, Soth numerically ana as a proportion of gradusles, women
Sojpe !l owereasing  ther  presence 10 science snd  enginesring considerably
of r 'hey resihed ji aty.  In eaginecnng. only Ty opercent of first Jdegree
Awdrds are earned by ymen, even in 1988,
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Solutions

There are 3 nuaber of excellent programs scattered throughout the
nation's schools tha. have neen started in t' - past few years to Laprove science
unet rath educatiocn. The problem ts to locate «he small, healthy trees in the
vast forest of mediocrity and then to make sure that stocks are available for
transplant snto other school systems that are ready for change. The National
science Foundation, which has funded several of the pilot efforts, should be
responsible for determning w#hica ones have proved effective and should be
made available vn a wider basis.

several states are moving ahesd. both secpacately and in groups, to
tnstitute new educational programs and policies at the pre-college level.
Jrofessional groups are working on new curnculum concepts, and industry s
pgroviding more and aore support for local school systems. All of these
activities must ¢ontinue and in some cases be strengthened.

Wooen

The uath/Science Metwork, started at Mills College and now vxpanded
throughout the nation, encourages yourg women to take a full complement of
:athematies ocourses n  high school, and exposes them to science and
engineening  careers. About 74,009 students participate ecach year. This
exeellent program needs to be expanded to the place that every girl has a
chance to participate.

The Umiversity of 3unnesota’s USMIPTYMP has obtained three year funding
from the Bush Foundation for an intervention program that will solve some of
the problems in the participation of mathematically talented women. But the
problems found for women in that program are surely not limited to \linnesota.
A substantial effort is needed to educate parents, teachers, and society in
general about the damage done 20 talented girls who do not fit the societal
gender stereotypes. {The damage done by these stereotypes also negatively
atfects boys who do not fit *-e wmolds.}

To reach the important goal of increasing our output of scientists,more
worzen from the shrinking baccalaureate population of  natural
science/engineening graduates will need to continue with graduate study, and
some additional assistance that is not now available is required. Vomen science
graduate students presently are less likely than men, including foreign men in
the same field, to have either institutional or federal support during their
graduate study: and they are more likely than men to be seclf-svpparting.
National fellowships for graduate student? have declined sharply over the past
decade as res:archers, mo~tly men, hav. obtained additional funding in their
grants to support some graduate students. Typically, male faculty (who
receive almost all of the research grants because there are 50 few female faculty
in these fields,) prefer to use male graduate studer’s to help with their
research. Research assistantships provide an essentis] apprenticeship for
tomorrow's resesrch scientists.

Women graduate students who heve institutional suppor. are more likely
than men to have teaching assistantships, which, unlike research
assistantships, require extra time fvom the graduate rescarch program to
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prepate vaching -alenials and in ~o.e UBSCS, wrade papers. It may be an
sarprentizeship to teaching, Hut not o scentfie researthe.

f. should also be noted that «lthough the ecost of a graduate education is
the <ame, al the samv institution, for ren and womien, their ablity to repay
(ans that may e fequared 18 affected by the fact that women are paid lesa
thun ~en once they enter the work ferce. Among full time workers, wooien
varts iwss Uian men with the same degrue and experirace lavel in every field of
ience, snd the difference increascs with years of experience (fig. 1),

70

1 2 2 ' 1 2 2

<2 2-4 59 1014 15~19 2024 25-29 30-34 25-39

YEARS OF EXPERENCE

Figure 4. Salarics of Doctorate Scientists and Engincers by Sex and Years of
Experience, 1987. Data Source: National Research Council

women have one «dditivnal need, resuling {rom the fact that their best
years for graduate study and for child-bearing coincide. While child care
Should e a oint responsitiity for parents, the reality ts that women with small
srildren need addiional monetary support to c¢over child care expensea.
Gr.duste programs in natural science snd engineering require long laboratory
hours that -l infringe on normal hoxelife patterns.

Lack of funds for child care may require even the best women griduate
students to withdraw from s graduate program, The alternative - req tiring
women graduate students who are not independently wealthy to remain childleas
at least through graduate scheol and perhapa ihe important early Years of a
postdoctoral career - 1S an unacceptable choice either for women or for siciety.

Beginming next year, the National Science Foundation has designated 80
of 1ts 1,050 graduate fellowships as a set-aside far women in engineering. Thia
1s a step tn the night direction, but it is insufficlent. Women have always been
«ligible to compete for the NSF fellowships (except. in the case of non-ninority
women, for the 150 that are set aside for minorities) and the new designation
will assure that women obtain at lesat ten pe,cent of the remsining federal
followships. Women are half of the population and earn 39 percent of the
bachelor’s degrees awarded in the NSF science and engineering fiedds. The
nation needs more of them trained to the doctoral level.

27-181 0 - 90 - 4 (}Q
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Minonti~s

LETURY 200 ARORILWR (Nt seehoe and CRZINeeTIng OXplides a.tervention
A tre preecaden? whel.  Sexe progracs already in place, ciuding particulacly
such proven efforts ¢s UEdA «wathematics, Engtneering, >cience Achievement),
a3 eoncentrated m the aest, need continaing support and expansion.  Onc?
nte coliege, a1nomty ~tudents aeed additional support progrems, such as the
shironity tropineering Jrvgram (MEP) now operating in most engineering schodls,
anch provides a spste® ol upper «lass sentsring support for freshcan and
~ophemores, azong other tangs. [he federal oregram of imority Access to
Reseanctt Lareers (MARL), of the Matonal Institates of lealth is a h hiy
successful Federa: intersenuon program estaolished to increase the nuaber of
Lanorty owmedival scienlistse  More taan 809 students and 35 institutions have
participated 1n MARC singe 1977, and the track record for the ultizate
enrollizent of atout taree fourths of WARC garticipants in a2 graduate or
wrofessional  progras 1s  aighly 1mpressiTe. The NIH  Slinorsty  Iivlogiesi
Kesearch dupport «NER>: srogram also has been elfective $o onhanee research
camers O unonty ticuaty . But she numbers ure small,

sost of the nteryention programs, if replicated witn care and provided
~ith ~tabts funaditg, can make 1 substantiz. contfibution to the rdenuficatien.
reerntoent and edacation of mnenty engineers and »oentists.

{ntervention 15, of course, a bandage for a wound previously 1aflicted.
unomts ohudren dispropertionat:ly «nter large arban school districts where
there are Jhromie shortapes of godd mathematics and science teachers, little or
no hands-an jaboratory seience, and rost naportant, low teacher uxpectations.
A5 aith gitls, the s wxpectations vecome a self-fulfiling prophecy as students
avord tae —ore JAifficuit nath and science courses, and conseguently attain lower
Adhevernsont seores than the white and Asian boys.

whils the role of the tederal government in pre-college education 13 a
i1mited one, 1t also can be a vital one. Some of the legislation of the past, if
full, implezent=l, vould go a long way to remedy some of the problems of
cecruinng runorty cmldren into sciences  Even smail amounts of educational
Aifference Zake s sigmificant difference 1n the outcome. Head Start s a proven
program which coapensates in many ways for the lackh of enrichment suffered
Ly many children prior to entering kindergarten. It has been shown that
children Jiven the Head Start program are far more likely to complete high
school, 13 enter <oll2ge, to beccise lax-paying citizens than their peers who dig
riot have this advantage. They are ruch less hikely to be arrested, or to be
on wcifare (Table 1).  Yet, in 1983, only one i five eligible children were
served by Head Start, due to nedequate funding. Education, including
intervention education, pays. It 1s the alternatives that are costly.

Pre-kindergarten children can be helped 1f their parents - parsicularly
those »f children 1n poverty - understand the mportance of science and math
education. Programs stressing parent out-reach, such as the Linkages project
of the Office of Opportunities at the Americar: Association for the Advancement
of S.ience, should be supported and extended. Children in large cities,
particularly, should be onabled to participate in the in ormal learning
experiences of science museums and library media centers.




TABLE 1

HEAD START:; RESULTsS. FALL 1984
LCchurt Mow 19 Years Old)

Head Start Control
. pPercent Employed ERES 32%
liigh School Graduates 674 49%
Enrolled 1n College 334 213
Function Competence 61} 384
Been Arrested 314 51%
on_ Lellare 13, 32y
. Source. Migh/Seope Fourdition, Michigan, September 1984

Intervention programs at the level of junitor and senior high school also
will continge to be required untii the nation’s school systems are sufficiently
ropaired to provide every Student with the education and skills needed to
partapste fully in our advanced industrial >ociety. But those repairs cannot
pe compluted without the co pgerative and <oncerted efforts of local, state and
federal legistators and officials tn coliaboration with parents and educators.

America's college age poulation, from which we must draw most of
tororrow’s scientists and engineers, will continue to contract through the mid-
19998, Tms provides a window of opportumity for ysung men and women which
apparently 1s not yet wisible to most of then. 1t slso provides a real challenge
to the naticn., We cannot mmntan 8 cadre of bright young scientists and
engineers without utiizing the talents of that 85 percent of our ™ people
who are not white and male.

Areriea’s talent poo! includes equal numbers of malvs and females who
comn in a8l aein colors. As & natien, e can no longer afford to waste any of
that talent. But avouding that waste Fequires equal treatoent 1n school and the
workptice, shared responsibihity for howme and famly, and perhups st
wnportant of atl, a change n sectetal attitudes toward girls and vomen. The
tash 1 tOPense, bLut the alternative is unthu Xable.
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I am Shirley M. Malcom, Head of the Directorate for
Education and Human Resources Programs of the American
Association for the Advancement of Science (AAAS). I come today
as an individual to add my voice to the many others who are
concerned about the quality of science, mathematics and
technology education in the United States. I appreciate the
opportunity to address this distinguished committee.

An upcoming PBS special raises the question "Who Will Do
Science?” 1Its focus 1s on the low numbcrs of minorities in these
fields and the implications of this in the face of America's
changing demographics.

America :s changing. On average our population is getting
older. There are declining numbers of co.lege age young people,
a trend which began 1in the early 1980's and which w1ll continue
until the mid 1990's (Figure 1). American Indians, Blacks and
Hispanics are an increasing proportion of these young people. By
the year 2000 minorities will be 47% of the school age
population. They are already the majority of the school
population in Mississippi and New Mexico (and soon also will be
in fzlifornia and Texas), as well as in our major urban centers.
On the other hand, minorities comprise a disproportionately small
share of the science and ergineering workforce, of doctoral
scientists and engineers, and of students intending to major,
enrolling or graduating in science or engineering.

In 1988, of 749 Joctorates awarded in mathematics by U.S.

universities, only 341 were received by U.S. citizens, only 6 of
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whom were American Indian, Black or Hispanic. Similarly, 4 of
514 P'D's in computer science, 28 of 1,302 PhD's in physics and
astronomy, 66 of 2,018 PhD's in cuemistry, 12 of 726 PhD's in
earth, atmospheric and marine science, and 66 of 4,190 PhD's in
engineering were received by members of these racial/ethnic
minority groups, according to National Research Council data.

Low minority doctorate production contributes to low
minority faculty percentages; these in turn decrease the number
of role models available to minority and majority students (Table
1 and Figure 2). This imparts a message thal minorities don't do
science or engineering and affects perceptions and expectations
for minorities in science and engineering. Low numbers and the
isolation that is often born of it feed lowered reteprtion and so
on. The cycle is vicious, and its effects are devasta.ing.

In the doctorate numbers we are looking at the trickle of
students from the end of the educational pipeline.

To understand why the numbers are so few at the end, we must
look to earlier school and college experiences. For only by
exploring the barriers can we begin to understand the specific
interventions which must be put in place, the interconnections
among these elements, and the complexity of the tystem we must
influence.

It is my hope that this will lead us to understand the need
to develor and respond to a cohere~t plan, articulated across all
educational levels; to involve 2.1 the stakeholders; and to avoid

Bandaid responses to system wide problems.

-3 -
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Barriers to minority achievement in science and mathematics
appear early. Many of these are related to the fact that
minority children are more likely to be poor. These children may
have less rich experiences; fewer opportunities to explore
phenomena; fewer educctional toys; fewer reading materials; and
parents whom the educational system may have failed who cannot
guide their children's encounters with the world. These parents
may be no less willing, but perhaps are less able to provide
their children with the good beginnings they need. Quality early
childhood education may not be available to compensate for a less
rich home environment -- i.e. one that may not include pre-K
experiences where children are encouraged to ask "why" and guided

in discovering the way that answers are found.

EARLY SCHOOL EXPERIENCES

Ready or not, they go to school. Here minority children
often find less experienced teachers and a less rich environment
in inner city or rural schools which are inadequately supported.
Even in our more affluent suburban schc-ls they are all too often
tracked into an inferior educational program. The mathematics
that is offered 1s too often basic skills with little opportunity
to develop problem solving abilities. Hands-on science costs
money, requires teachers who possess knowledge and comfort in
delivering instruction in this manner, administrative structures
which support it, and, quite basically, TIME. The deficiencies
which students may bring to school are magnified over time as the
disadvantage accumulates. The performance gap between minority

-4 -
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and non-minority children increases. Early grouping based on
perceived ability (or inability) becomes later tracking,
transforming expectations >f failure in the reality of low
performance. If the students have access to computers it is
often for uninspired purposes, in contrast with the potential
power of the technology. They are unlikely to see models of
American Indian, Black and Hispanic science or engineering
professionals. Many know little about how you become a scientist
or engineer or about the lifestyle or lifework of such ‘

individuals.

HIGH SCBOOL AND BEYOND?

In high school minor:ity students are less likely to take
upper level elective courses in science and mathematics, even
where they have completed the preceding level with a grade of A
or B (Tables 2 and 3). They are less likely to cuntinue on to
postsecondary education. Where they do, they are more likely to
attend a two-year institution from which transfer to four-year
programs, especially in science, is low.

Loans rather than grants dominate the structure of financial
aid in college. Where loans from college exceed the families'
annual income, minority students may be unwilling to assume this
burden of debt, unsure that financial rewards on the other side
of the degree will be sufficient to retire the debt in a
reasonable period of time. The general barriers in the educ2tion
of minorities converge with the specific challenges of education
\n science and engineering, producirg the effects of cumulative

-5 -
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disadvantage which are so obvious in the doctoral data.

It must be said at tr’s point that the news is not all bad.
Recent research by Hilton and Hsia at the Educational Testing
Service reveals that minority students who have high mathematical
ability (as measured by scores of 550 and above on the SAT) are
as likely or more likely to majcr in and be retained in science
or engineering fields as are majority ctudents. Persisters are
characterized by a number of pre-college characteristics that
include participation in math or science clubs, exposure to role
models, and contact with college-based programs spe-ifjcally
aimed at attracting minorities to science and engineering fields.

Strong academic preparation coupled with specific
recruitment and enrichment seems to increase the success
minorities experience in science and engineering programs.

Bridge programs that facilitate the transition between high
school an¢ college have been demonstrated to be effective in
later retention of minority students in science and engineering
fields.

Specific interventions to enhance success in calculus by
minority students have been demonstrated by Jaimie Escalante with
students at Garfield High School in Los Angeles, by Uri Treisman
at the University of California, Berkeley and by hundreds of less
zamous other teachers. There is no secret formula: high
expectations; a focus on challenge rather than cemedia.ion;
working together productively; effort (time on task) and desire;

ju.t good teaching, and the belief that everyone (including those

-6 -
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of us who do not fit the image of the scientist or engine2r) can
learn.

In 1983 AAAS conducted a study of programs designed to
increase th. participation of minority, female and disabled
students 1n science and engineering careers. This work was done
in support of the efforts of the National Science Board
Commission on Pre-College Education in Mathematics, Science and
Technology. These so-called intervention programs, many of which
took place outside of the formal school setting, had tremendous
success in improving education for minority students. When
provided the opportunity and tools to achieve in science and
mathematics, minority students do in fact achieve in these
fields. It 1s inStructive to remember that dilton and Hsia cite
the "pull" of specif.c targeted programs to reciuit such students
as a finding in the.r research of high ability minority students
who persist in science or engineering.

We found common elements among out~of-School programs that
work, that are instructive for our efforts to improve education
inside of school. These include: teachers who are compétent in
their subject matter, who are excited about their subject and who
convey this excitement to their students; hands-on involvement
with science; prolect-focused, multidisciplinary work that
emphasizes science, math and communications skills; clearly
articulated goals; high expectations; contact with role models
who convey a sense of the connection between work in school and

future careers; and parental involvem2nt.
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If we think about 1t we will realize that no single sector
alone will be able to bring about the kind of systemic change we
need and at the same time capture the students already in the
pipeline. For a leng time to come we will need the in*:Irvention
programs * tat exist outside of school -- academic enrichment
prograr: run by professional societies, cclleges and
universities, museums, churches, and other community-based
- organizations.
but we als® need a systematic approach to fixing the formal
system of schooling in su~h a way that it supperts learning for
all students :1n science ané mathematics.

{1) We must appreciate the comp exity of the system:

{2) We must develop a coherent plan for reform of science and
math education that begins with setting high goals for all
students--what we want students to know and be able to do:

{3) We must seek leverage points that support system wide

change; and

{4) We must develop collaborations and tonnections to tne other

stakeholders that will promote this system-ride change.

We already have in place strong program models that shuw us
how we mignt address many of the barriers to participation in
science and mathematics which minority students encounter.
PAREMNTS

Programs such as Family Math and Family Science involve
parents and children in experiences which are fun and which

support learning. Parent workshops such as che models we at AhAS
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have developed explain how parents can Support their children's
education in math and science, which courses to take, how %o
negotiate the educational system, etc. Booklets for minority
parents such as those developed in a joint activity of AARS and
The College Board Project Equality are made available in these
sessions which are sponsored by community groups, churches,
clubs, colleges, schools and concerned individuals. {"Get into
the Equation: Math and Science, Parents and Children" and

"Contamos Con Ustedes”)

TEACBERS

Many effective models exist for assisting teachers to
provide an eccellent and equitable instructional setting for
minority students, including activities of the Lawrence Hall of
Science EQUALS program, teacher inservice progzams of groups such
as the Southeastern Consortium for Minorit:es in Engineering,
*lorth Catolina Math Sciernce Education Network, American Indian
Science and Engineering Society. Mary models also exist as
components of a number of the NSF-funded Comp:ehensive Regional
Centers for Minorities and of many other institutions.

The fundamental 1ssue 1S to increase competence in content,
and also to provide teachers with tools, skills and resources
related to materials, methods of teaching, ways of adapting, and
specific research findings and recommendations on how equity can
be achiaved in the classroom. They must learn that they often
need to add minority role models to their lessons as well as how
to do this. They should understand how the culture of their
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students may affect the ways they might be taught. They need to
understand why parents of minority students need to be involved
as well as assisted with specific ideas /uout how to involve
them. In providing inservice to teachers, single minded focus on

content will not get us the results we desire.

SCBOO::S

Models of school improvement such as those developed by Dr.
James Comer in New Haven give ample evidence that schools can be
helped to work for all children. If we assume that the will
exists, specific strategies are known that enable such changes to
occur. EEfective science/math and engineering magnet programs
can be found across the country, including in our inner cities.
The challenge is in making more wid2ly availabie what we know
about changing schools and developing programs and being

assistive in applying these to entire systems.

STUDENTS

Programs exists that provide direct jntervention with
students. These serve children as early as the primary level in
efforts such as the Satur«.ay Academy {which was developed in 1978
by the Atlanta University Resource Center and which has heen
adapted and spread to many other insti-utions in the intervening
decade. DAPCEP (Detroit Area are-College Engineering Program),
the American Indian Science and Engineering Society and the
puerto Rico Resource Center have promoted participation i

science projects and sciences fairs to develop interest by

- 10 -
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minority students in science. Project SEED and the american
Chemical Society as well as many of tne federally funded research
and development labs have provided summer .2search experiences
for minority youth. Summer camps and comprehensive summer
programs are sponsored by many different organizations. Academic
year programs attempt to connect to schools, providing
enrichment, role models and counselling to students. Among the
array of programs one can find "Explainer programs" sponsorea .y
museums, comprehensive after school science programs such as the
Scieace Skills Center in Brooklyn and pre-college minorities in
engineering programs such as MESA, PRIME and PRISM.

These are programs of high quality and high expectation. 1In
spring 1989 16 students, ages 10-13 from the Science Skills
Center took the N.Y. Regents examination in tiology. That is,
minority studants in 452 - 722 grade took a IOEE grade
examination. All 16 students passed the Regents, the youngest to
rass in the history of the exam. All 16 are now taking Advanced
Placement Biology. When they pass the examination next spring
they will be in middle school with college credit. These
programs are rigorous and the expectations arz high. But unlike
too many of the schools which such students attend they provide
an enviroament to learn which is ripe for success.

As tu. efforts toward education reform are mounted, it must
be remembered that learning must c¢zcur in the community and the
home as well as in the school to be maximally effective for

minority youth. We must recognize the role of and provide
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mechanisms to support out-of-school programs.

Programs also exist that have proven effective in overcoming
the considecable obstacles that exist at the cdllege and graduate
levels. Many of the Historically Black Colleges and Universities
and institutions serving significant Hispanic and American Indian
populations have demonstrated that minority students can be
successful in rigorous science and engineeriig programs. Using
such strategies as bridge programs between high school and
college, peer counseling through student chapters of minority
science and engineering societies, regular faculty contact and
monitoring of student progress, and early exposure to research,

minority students are being retained. In essence, a strategy is

employed to nurture and cultivate rather than weed students out.

GEM (Graduate Engineering Degrees for Minorities), NIH
Minority Access to Research Careers and other such programs
suggest that 1t 1s possible to impact graduate education for

minorities as well.

CONCLUSION

We have been slow to recognize the threat that is posed by
failing to develop a dwindling talent pool -- a talent pool which
is very different from that which we drew upon in the post-
Sputnik years. BAmerican Indians, Blacks and Hispanics can and
must be a part of the solution to America's need for scientific
and technological talent.

Tinkering around the edges will not help us maintain a
wor 1d-class scientific and technological enterprise. We must

-12 -
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rethink and restructure the system for the production of

scientists and engineers from pre-K through graduate education.

What needs to be done? 1Iwo tasks are primary:

(1)

(2)

O

ERIC

Aruitoxt provided by Eic:

The agencies and departments of the federal government must
find targets of opportunity around a single coherent plan.
The final report of the Federal Wide Task Force on Women
Minorities and the Handicapped in Science and Technology, on
which I serve, can be a focal p»int for discussions of
cooperation and collaboration which need to take place.

Gaps in programming need to be identified and filled by the
appropriate agency or department.

Congress must support these efforts. We would encourage the
Corgress to look at the need for legislation to support
improved science, mathematics and technol :gy education in a
manner similar to the way it approached che Omnibus Trade
Bill. The way in which legislative responsibility and
oversight for education 1is currently divided does not easily
allow for development of a coherent legislative strategy.

We call upon the leadership of both Houses of Congress and
the very competent leadership in this Commiltee to assemble
a Congressional summit on science, mathematics and
engineering education, to extend the dialogue and to model
for the agencics and states the way to develop a coherent
policy. Everyone has a part to play in configuring and
implementing a solution. The AAAS stands ready to assist in

whatever way we possibly can.
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Girls can count "

on math

BO¥ SCOTT WADE
The Momitag Call

Yeu, there are malhematiclans
who spend long bours in stully of-
fices, seratching thair heads and
sharpening thelr paliclls 1zte Into
the night.

{Lars sre also mathematl-
clans whu work In Tanzanla try-
Ing to ligure out how meny ele-

hants & putk will hold without
urulng & vegetated landscape
{nto a deseit.

Muthamaticians work on proj-
ects such &3 solar heat,
high-speed magnetie trulns and
traclng ncuron patterns in the
hrain with the help of compulers.

Saveuth and elghth grade glria
from 36 schools in the Luhigh
Valluy speut yedterday at Cedar
Creat Collago at a special event
eslled MuthCoau ‘80, Cedar Creat
profesasa Dr. Regina Brunner
and Dr CLarles Chepmaa, along
with otber teschers Irom the
area, bave Leen otganlzing the
avent sluce lust summer.

Two nanonalll' known women
matliematicians told about 200
Lehigh Valley students yesterday
not to believe hilends wlo n

Irls aren't good at raath or that
‘s npossible to be a good inoth-
er as well 43 a good sclentlst.

‘They 1lao sald that most sci-
enco careers Jxquire a stiong
foundation in math — even ca-
reurs in “solt sclonces” such as
biology, eculogy and economics.

Brunuer sald she and her col-
lenfuu created MathConn ‘89 to
addieas a declining number of
Amerlcan students studying lor
doctorates fn math, Beyoud that,
thie hoped to address the fact that
fewer th,n one In five math doc-
toral degroes In America go to
women.

The Morning C.ll
Allentown, Fennsylvania
6 April 1989

Q
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careers,

students told -~ -

. et A - ——

The two tmain speakers yester-
day were D¢, Llian Shiso-yen
W0, a native of Deijing. Chlua,
and now a mathemutician for
18M in New York City, and Dr.
f.Inda Petzold, a nwnerical ana-
lyst at Lawronce Livermora Lab-
oratory In Caliloznla. g

Petzold sald & numerical sna-
lyst uses niathematical mathody
to sulve suientific probleins on
computers. To denonstrate how
math can be um)llsd to situations
normally consldered outsido the
math field, Wu preszated a brlel
slida show of her work in Tanta-
nla, where larga elephant herds
were ovagwholnilog ateas of 8
ni.Jouul purk, '

The aclentls! drew laughs In
describlog how a tres had bean,
badly scarred by g3t ramnbune;
tious elaphaut. .

“Moet 2{ this kind of damage
{s dona by tecu-age mala elo.
phants; they’rs the rowdy bunch,”
tho sald. “When they're cmwdd,
:‘hcy really gtast kaocking troes
own”

Both women ssid advanced
matheniatics conslsts of slruplify
Ing lurger problems futo under-
staudabie formulas.

Petzold sald 215 and others
use math formulas in conjunction
witb computers that can save
companics hundrods of Laousands
of dollars. For'example rather
than bullding 3o exgemlve proto-
type of a new modsl of car, the

ualgn can be dous biy computar.

She sald sxna car comrlnlu
can simulate how a car will react
oa a bumpy road or how pollut-.,.
ants can be removed from luel.

*1{ you don't lke math, don’t
do it,” sald Petzold. "“But It you

" do like math, don't reject lt‘w—
cause yoy are a ghl”
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Table 1

Ful.¢ime Faculty at Research Universities, by Selected
Chardceeristics, 1986.

Total
Department Faculty Female Black Hispanic Asian
Engjneering
Acronautical 538 3 s 10 58
Chemical 1,232 34 9 31 117
Civil 2,017 44 12 42 228
Electrical 3,137 % 18 33 439
Mecharical 2,310 39 11 14 274
Computer
Sciences 1,413 125 11 33 130

NOTE: Survey respoadents were Zutorate-grantng deparuznents b the 181 doctorate-
yanﬁnguniv:xﬁ:iaxpomsm:chupendimofsz.u million or mote in fiscal yea”
1983. Numbers of American Indians were too soull to permit cotrecton for non-response.

SOURCE: Natiotial Science Foundaiion, SRS

m——
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Table 2

Percentsge of 1982 High Schoo! Graduates Who Went on to Naxt
"Pipeiine” Mathematics Course Atter Completing the Previous Course

Percentage thet took P Qe that took P ge that took Percentage that took
geomatry after algebra it after moonomlry atter calcutus after
ing alg passing try Q algebra |1 passing trigonomatry

Sex:
Males . 14 88 Q AN
Females ‘63 52 3 ]
Of those sarning As or Bs on previoys course, by sex:
Males . 82 82 85 47
Females . . 14 81 L] 41
Recowthoichty:
Muwics 0 47 0 28

Sk L L4 88 2 2
Wiie. .. &7 54 40 0
O!Mumlngnorhon rious course, by wthaiclly:
Hispanic -] 58 45 48
Black, . . i 62 48 k1]
Wnte.. . . n 62 % 43
Urbanicity of school:
Urdan high sehool 65 85 k] 25
Suburdan high school [ 52 40 B
Rural high school 58 55 » 26
Regional differsnces:
New England 16 18 R 5
MigAtiantic -] 54 43 40
West Ncrth Central (] 45 3 9
West South Central LY 62 3 19
Curriculer track:
Generl . 52 41 F14 9
Academic . ... 82 3] 45 k]
Vecatonal 4 38 19 1"

NOTE The S0UALE rom wAiCh thig Tabuidlion it 08 ved 0088 ACt ICIUG ThE 1078 AUMBIY OF STU00N S 14 these Barnpios ANO the Gifs (88 DrigMarty repOAed) 0O
mmnmmwmnMmmmlmwmm-momlmmzwwmmlmwmﬁa Torveastent
™ 130t forces 1 ariticial o the erder of

SOURCE © Denng Carvost, uuweamrnwnlmmmmmo«wwnrm oton, DC US otk

Netiondl Conter 107 [oucation Statatics, Ao 1984)
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: Table 3

P Percentage of 1982 High School Graduatas Who Went on to Next
“Pipeline” Sclance Courss After Completing the Previous Course
Percentsge that 100k Percenta ) that 100k Percentage that 100k
biology slter passing hemistry attar physics efter
Qenacal science passing dology passing chemistry
° Sex:

: Males . .. RN N 72 k) 47
Fomalss ..cxnxvnon > - [P % k14 N
01 those saming As or Bs on previous course, by oex:
[ T LY N ” L] 81
Females ...« . N .. ”n 50 40
Racelethnicity:
s : 5 5
White, .uaneons e e 74 42 40
01 hose eecming As or Bs on previous course, by 1 fotholclty
Whee 0 T P 81

of schoot:

Utban high scheol .« 72 D 39
Syvurben high school n 41 40
Rurs high school .+ & . RE) k] i
Reglenal ditisrances:
NewEngland.. . .« . . i) 47 4
Mid-Atlantic ... .. . T4 48 7]
Waest South Central . ;) 29 2
Mountaln ua. . . 74 28 35
Cuniculer track:
GOl anx o0 - A o e e n 21 2
Acsdemic .. ... .. .. - 8 59 u“
Vocational 84 15 2

»or(Tmmommmumuuwmmmbnwmumaunhmmw Aive the Gais (26 Srpnaity repned) 00
mmuommwmnmmmmmmuumnmwmwwmqmmuw Totvs exton,
mtmumnmmwwmmmumm
SOUACE. Jettray A Owings $cionce Course Tahing by 1980 High Schcol e f i 1902 O Qton. OCUS ot [OUSation, Netiond
Camer tor Laucarion Statierrs, Aol 1984}

.15 -
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Local response planned

The Chronicle of Higher

lo mathematics crisis ~ TEducation
To THe Envionr:
In respouss to Edward dA ‘IC?n 8 February 1989
nor's Opinion conceniing declining .
Interest in mathematics (“America’s "Letters to the Editor"

Scientific Futura Ja Threatened by
the Decline in Mathematical Educa-
f +tion,” January 11), somcthing is be-
ing done to turm the tids in this most
scrious problem facing u\llbcmhu
educatoss soday. -
In East Ceutral Pennsylvanis, a

group of local administrators,
schoolteachers {X-12), -ollege pro-
fessors, and sn industry representa-
tive heard Dr. Connoe’s pleas before
they sutfisced in pint. In May 1988
* this group met and decided to ad-
dress the math zrisiy locally.

On Aptil 3, 1989, *MathConn ‘89"
will be incld st Cedar Crest College, a
women's cullcge in Alieatown, Pa.
On this Mathematics Awaseness
Day, teachers ftom approximately 40
echools In & five-county area will
bring over 200 seventh- and eighth.
grade girls to spend a busy day In
sctivities such as those recommend-
+ 4 in the Opinion picce.

These girls will attend group ses-
tlons ked by successful wemen in
math-rtelated fields, hear two world.

" renowned womea lullmmﬁci;n:.
and fearr about cutrent ar " futue
career pombnhucl that requllc math.
cmancl training. .

A group effurt an do much more
than &n individual one. **MathCoan
*89** has come to {ruition by poofing
il the sirengths of its members to-
ward the goals of encouraging gitls to
pursuc math-refated carcers and of
peesenting mathematics Kaclf as »

fun, vibrant, and integral p3rt of the

N woxld of today and the future. . . .
' RecCINA Baunner
Asnslstaat holcnu of Malkemalics
Computer Science
Ccdu Clul College

Co-chair of " MathCoun °

» Alcatowa, Pa.
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ENGWEERS WEEK, SUNDAY, FEBRUARY 19, 1869

Thwartingj the math crisis

By Dr. Regina Baron Brunner
Asstistant Professor of Mathematics
and Computer Science

Cedar Crest Collags

InMay 1988, a group of educators
from grades K-12, school adininistrators,
collego prefessors, and representatives
froin business snd industry met in a
“brainstorming™ sassion at Cedas Crest
College in Alientown. The outcoine of this
mesting was the birth of a local network In
the Lehigh Valloy ares of sast central
Pennsylvania. This suppont network has as
its puipose the encompassing goal of
creanng in the futura 8 math center for
reseaich, teaching, and learning.

MathConn at CCC (Cedar Crest College)
doveloped in response to a need in current
sociuly to address the problems of .
today’s present and future teschers and
those of today’s students. The schools, in
couperation with business, Industry, end
tho community as a whole nuist
sncourage mathematical growth and
interost at all luvels for the United Statss
to upgrade its inelematics education
proygsains. .

tHigh technology cannot afford to
* oveilock the power it possesses to

encourage younigsters to plan for a caraer
in muth-related fislds. For exomple, are
wonien baing usud 1o their full potentisl?
How many woinen are employed in
misth telated fislkds? What percentage of
wornen have Ph D.s in such fields?

MathConn at CCC lacked funids when
started yel we boegen to plan 8
Msthainatics Awateness Day for Aped 5,
1989 to b hekl et Cedar Crest Collogs.
Via our developing notwork, we were
sewarded with very strong school suppon
In our ares. We contracted various book
pubhshers, and thoy aiso havo ﬂivon
suppott 10 our project by providing various

gifts in-kind.

MathConn 89 will consist of many
varnied svents. Esch yal will teke part in tha
May Ellen Hudin Discovery Problain
Session named in honor ol the
mathematics profussor at University of
Wisconsin Madison, Dy, Rudin, a
sut-theorutc topologist noted for abifity to

............ -

consituct countorexamplos. exoinplifies - %'

.
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the spiit ,f anthusiastic problen-solv
snd mathematical fun. Also. each girl wit
attend discussions by successhl women
in math-related carears, Hopefully,
exposuie to positive role modals and tha
exciting world of current, vibrant
math-related activities will encouraga

Jnterest in mathematics liself and in

m" “yrelated carrors.

People do care and do want 10 help,
but you have to ask. MathConn 89 has
muslwoomed into 8 spectacuiar day
beyond any teacher’> wildust dreams. -
Hopelfully, others also will be encouraged
10 try 10 turn their bright ideas into reaslity.
Such “grass roots” movemonts will le
math educators into viahle, workeble
solutions to address and to relieve tha

pesplexing curent crisis in math education.
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Excellenice in Science, Mathematics and
Technology Education Act of 1990

e National Network of 9 Regional Science,

Mathematics, and Technology Education
Consortiums

e National Clearinghouse for Science,

Mathematics, and Technology Education
Materials

e Federal Support for Informal Science

Education
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e wat)

“America’s getting aon Fin science cnd math

S 1 GOT OFF THE
lane, hewaswaiting
lor me. holding up a
$ign with my name on 1t | wason my
way (oacon!cunc: of scigntistsand TV
andth hadkind-
Iy sentadriver.
“Do you mind if 1 ask you a
tion?" he said as we waited formy z

as tutsaience guy?”

it took me & moment 10 understand.
Was be pulling my leg? ™1 om that sci-
ence guy,” 1 sad. He smiled. "Sorry.
nuumy em [thought it was yours
100.” He put out s hand =AMy name is
Wil E Buckley.™ (Well, his name
wasa't exacrly William E Buckiey, but

TV interviewer, for which he doubiless
took a lot of good natured nbdbing.)

Aswesettledintothe car foeihe fong
dnve.hetold mehe weo giaofwasmthat
science guy —=hehe Jsomanyquestions
toaskaboutserence. Would 1mind? And
30 we got 1o talkir 3. But not about s¢i
ence. He wantedte discuss UFOs, "ehan-
neling™(a waytoheas what's onthe punds
of dead people==niot “uch 1t tams outds
crysuls, agtrology... He introdiced each
subject with real enthusiasm, and each
time L had to disappoint him. “The evi-
dencerscrummy” Lheptsaying. "n-m s
2 much simpler explanation.” As we
drove on thiough the rain. | could see
him getung glummer 1 was attacking
not Just pseudoscience but also a facet
of tus ianer 1,{c

And yet there 15 30 much in real sci-
ence that s equally exciting. more mys-
tenous, a greaterintelicetual challenge
=135 well as being 2 tot Sloser to the
truth Didhekaow .  tthe moleeular
buildig blocks of ife sitang oyt there
1 the coid, sepuous gas berween the srs?
Had be heard of the footprints of our
aeston found nd-mdlion  oidvol-
canic ash? Whataboutther.  gofthe
Himalayas when India went erashing 1nto
Asna? Or how viruies subvent ::Ils. °l
the ndio s:mh for ¢

the ancient civilization of

Ebla?Mr 'DUCUCY “mewell-spoken, i
telligent. cunous—had heard virtually
notung of modem seience 1c wanted
10 know about science. It 5 ust that afl
the saience got filtered out bdorc n
reached him  What the sociery permitted

WWhy We Need i} Undersi

“Isn'ticonfusingtobave thesamename |

he did have the name of a contentious.| |

and
IBe &

2

—m— ——--&.«.»-:.-L...Sa&w

lgrorance of science chreafens
aur ecomm:c well-bemg, naﬂonal
sccurltyund the democrahc

o]

process. We musi' do berter
s

10 tnekle through was main-
ly pretense and confusion. .
Asd it had never taught him
how:odxmnguzshrulunmc
from the cheap imitation
Atfover Amencathercare
seant, cven pfted, people
who have a builtan passioas)
for scicnee. Butthat passion!
15 untequited.*A recent sur-
vey suggests that 94% of

. uhcmre. st hugh quality and
low pnee,. +products people
want 10 buy, then indusines
will dnft out of the United
Sutesand transfera hittle pros~
penty to another part of the
world, Because of the low
birthrate inthe "60s and *70s,
the Natidnal Science Founds-
uon projects a shortage of

% o myys mxllmgm!:moml

are hterate.™ and by L010, Where

A prestription for disaster, We live | will they come from? What about fu-
wnasocety onsel

$100, Supereompurers. aboruon, massive
ence and lechnology. 1 which hardly ] reduections in suategic weapons. addic-
anyone knows enything about scicnce non hngh resolutioa TV, avhineandair.
andtechno'ogy. This is aclear preserip- safery, oodaddmm wmmalrights,
tion fof disaster I's dang; and st Vi, rul-
p-d!orusloumumgnonnubou(;lob famm MX mussiles, gom; 1o Mars,

10xKk { linding cures fO\'ALDSIMD'Kxﬁ"W
and r2dioactive wasies, x-d 2. Jobs nnmdmdcnwondpdxz
and wages depend on science and tech- | undersund the vaderdyiog uea'l
nology 1f the United States ean‘t man-

ERIC
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e nOt Just COMUCOPIAS pounng pood
deeds outanto the world, Scienasts f.¢
oaly contenved nuclear weapons: they
also tock polincal leaders by the lapels,
~uguingthatzherr p Ao—wlucheverit
2pened 1o o' Bave one finst.
.en they arrang. 0 manufacture
40,000 0fthem, Out teshnology has pro-
ducod thaldomede, CFCs, Agent Oninge.,
nerve gasand indusines sopov-erfulthey
cannante clanate of e t. There's
a reason people 3re nervous about sér
ence and techrology R
And sotheimage ofthe mad s¢iendst
baunts ourworld—IromDr * »wue Dt
Frankensten to Dr Stangelove to the
white-coatedloomes of Saturdzy nom-
1og childea's TV (Allthis doesa ¢ o
“ipire bodding scienusts ) But there's no
way back We can’t pust conclude that
saience puts too much power 100 the
*ands of morally feebletechnologists or
corudt, power-crazed polncans and de
cde o gernd of it Advances 18 edi-
cine and agneulture hve saved more
Ines thanhave beenlostin all the wan
w hastory Advances i af porlation,
communtaton andentiriinmentbave
vansformedive wotld The do1sci-
ence 1 doyble-edoed Rauber,ats awe-
some power forces o gl vf us, e
W politliang, & rew FERenNtIty-—
more e 10 the fort-renm corve
Qéences of *echnogy 3 piobal ard
( SPERCELO Al PrLPe UV e, af* Len
10 3V0.3 CALY APPCA'S SO BAL
2 and thauvirusm Morghes de te
LOMURR 100 exprotive
Serence s rr ash more than & duds o1
¥rowledie [Hs @ wav Ueaharg 11 »
IBCERUIINTS fuL L Cess SLterieinv e
us 10 fel the faste m cven when ey
KA M O CLE PO ACEPTTr Y
counselsus to carmy 2emamie byporr
eses in our Read, 373 sre wh R bt
match Be facts livgesonusstre
safancebegweeny o-F Js hamedopen
ress 10 02w ideas, Powevet Pefetaal.
aed the o strposeusskep e d wntay
afeveryhope—ne o altasonf el e 62
wisdomn We pred w (e sffitaal 00 0
Wre kotdof B R I acrks ltgan
esserlatiool fur emRICY MAN Ife
of chii g Quf ST QL Just ot ¢
Mo sternyrs Bty w ta deeparf ot
1< wegrntnd g o (fhcier ce
How bag s 11 ” Yerybad “sGi
cuniined

124

SCIERCE coninued

AGAM
RN

¢al,"readsone rewspapetnead’ re “We
Sunk i Seience " Les than half of alt
Arsencans know that the Lany moves
around the Sun rd Takes A yedr o &
it—a fact estad red 2 few cenrures
220 fotedsed werane 17 year ©'dsun
oy wortdreg o e U S racked dead
fast a0 alfebra On rdentgal s e
US kids averaced v oondarar oy
arese counterpaars 8% In my ook,
TR pretly @ A tlgesrespardetoy
C+.ormaydbeeienad— 43 ok
Liachem YR t Clratnmes iy iwoo
Brawensddw sz tnaatraUs Con
paredtous Bator 1 Sins Lpore pad bons
hong weresoh Mt ey uerey rotod
scae, and 25T s dren i8 yeas o's
krew pustas Muchohen try as a seind
1X of Anyencan hiph wchool seniors wn
thewr senondebermiany cuune, wnd v ot
of thernin “advarced proyprams) Tre
best of 20 fiftt 5o e classtooms i
Minpeapohis was .« atp.asedby everyone
of 20 classrooms in Senda, Japan, and
19 cut &f 20 40 Taipri, Tuman South
Fereanstedents were far ohes jof Amet.
ansrudentsinall wapec <of rathemat
s and ccience, ard 11 vear olds in
Batith Co'umbay (n Westem Canads)
ovtpaedthetUS counterpasts scacss
the boards (1 some areas they did bet-
terranthe horexes) Ofide V'S W,
22% 33y they distine schoot onty §%of
the Koreans 60 Yet two thards of the
Amencans, bot only a quarter of the
Kozeans. say ey 2.¢ " g00d at math
ematcs
Whywe'reflunking. Howdo Bntish
Colwndia, Japan, Brtna and Korea man-
sge 30 much better than we do?
DunngtheGreatDepresnion teachers
enjuyed job secunty, good salanes, re-
specatality Teaching was an 3dmired
profession, partly because leaming wag
widely recogrized as the road out of

povesty Latt'e of that1s true today And
30 3.t tand other) teaching 13 too
eften ncompetently of umiaspuisgly
Jone, ats pracitioners, avtonishangly,
bavang Lttle o no Lraining 1 theyt
subjesre—somenmes themselvesunable
10 Sstmpussh science from pseudoscis
ence Those who do have the rruning
oftengethigher-paying jods elsewhere
We need moge money for tzachers
training snd salanes, and for laborato-
res—sa kids will gelhands on expen
er.ce rather than yust reading what's i
thebook Butallacross Amenca, sehoots
bond tssues on the baltet are regutarly
defeaed US parents are much mese
s3usfied with what ther ¢hildren are
leaming 1n science and math than are,
say. Japanese and Taiwanese pasentsmm
whoze children are doing $0 much bet-
ter Noone suggests that property taxes
beused to provede for the mikitary budg
et, ot for agnculture, of for cleaning up
toxic wastes Why justeduc ation? Why
not suppart at from general taxes on the
localandstate levels? What abouta spe«
<1l education tax for those industnes
withspecial needs fottechnically rained
workets? .
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T ARSI Mds Von € uo Sovugh schoolweX. The  cotumn® When | W3 MOWING UP, My ‘ather ould 2——’—‘
average high 1chool srudent spends 3 Shours yweek brng home & daly paper and consuine {often with
on homework. The totat ume devoted o studfs, in Lreat gusto) the baseball box scores. There they weze,
and out of the classroom, is about 20 bours wezk.  tome dry as dust, with obscure adbreviations (W, SS,
Japancse fifik-graders average 33 bours 2 week, SO, W-L, AB, RBI), butthey $poke to him, Newspa:
But most Amencan kids aren’ stupid, Part of the pers everywheze pnnted them, | figured maybe they
| reason Ihedeoo'l study hard is that they've received  weren't 100 hard for me. Eventually 1100 got caught
*w tangible beaefits when theydo, 0CY (that  upin the wordd of baseball staustics, (Hnow athelped
+ sctually knowing the stuff) in verta} ills, mathe- e ia bearrung decimals, and 1sull cnngealitde when
nalics and science these days doesn™t increase cam:  lhearthatsomeone is “batting a thousand,™ But 1.000
ings for average young men in theis first aghtyears 15 pot 1,000, The lucky player is batting one.)
outof high school—many of whom take serviee tath. Or take alook at the financial pages, An{ introduce
ef than industnal jobs. N tory matenal? Explanatory foomotes? Definjtions of
In the prod, sectors of the Y. though,  sbbeevi; 13 None, [t s sink of swim. Look tthose
the story 1 different. There are furnimure factones. for  acresof stanstics! Yet voluntanly read the stuff.
example, indanger of going out of business—notbe-  It's not W" thewr abality. 1t's only a mater of motis
€cause there are no customers but because few entry  vation. can't we dothe same with math, so.saze
level workers can do simple anthmetsc, Amaporclec.  and technology?
bonies company reports that 80% of its sob applicants By far the most effective means of raising intcrest
€an’tpassafifik-grade math testmand ‘sanAmer.  inscience is television. There’s lots of pseudoscience
Kan. nota Kosean, fifth-grade test, The United States  0a TV, a furamourt of medicine and techoology, but
already is Josing some $25 billioq & year (munly in  hardly any science—cspecially on the three big com-
Jost productivity and the cost of dial ed 1} ks, why h P
because workers, (o (00 et a dépree, can't read, i declines and | fits, and

Vaman

wnle, count of think. Parents should know that their poching else marers, Why in all Americs s these no
duldnn';hvd:boodsmag'dcpmdonwmuch math TV drama that has 15 1ts hero sormeoae devoted to
and science they know, . while the kids are in figuring out how the Universe works?

scbool, is the ume for them to bearn, Parents might #-Samng projects hmmmhwbgymnd

encourage ther schools (0 offer—and thewr kids [ ire youngsters, The aumber of sKe PhD g

eatible, well-taught advanced scsence around the time o, the Apalio peogram and de-

courses, They might also limut the amount of mind. ¢lined thereafter, This s an i p potential gade-

numbing TV thew children watch, effectof such projects assending b Mars, octhe
\thlmcandm'l‘howin.\nminwimmenw S d S 3 lore the fi

favorable view of science tend to be young, well-to.  tareofmanter, of the program loma;; allhuman genes.
o, college-educated white males. But three-quarters - Every now and then, I'm Tucky enough to teach 3
of new Amencan workers betweennow and 2001 will  clasy in kindergarten oc the first grade. Many of these

* women, nonwhites and immugrants, Discomnat.  childsen are cunous, intellzctually vigorous, ask pro-

"tonly unjust, ik $ alsoscif-def o8, vocative andinsightful guestions and exhibit greaten.
p A y peraiely noeded fof science. When 1 talk to high sehool stu.
if skalled workets, dats, | find hing duff

] Y

lekmdlhspmicm:dcusmd«n:benmﬂmnd- “f3c15.™ But, by and lasge, the of discovery, the
asdized scence tests now than in the fate 1960s, but e behind those !ms.hgs gone’gl ofthem. '.'h);y'rc
Uey’re the only ones who are. The average maih gap wmudabomuhng'dmb"qxnm: they're wllng
between white and black U §. high school graduates toacceptinadequate answers; they don't pose follows
15 sull buge—two to three gﬁe Tevels: but the gap VP qucstions; the room s awash with side ong glances
between white U.S. high se gracuates and those continued
in, 53y, Japan, Canads, Great Bnuin or Finland 15
mote than pice 33 big, 1 you're poordy motvated
mdgoorly eduweated, you 'llmmcb—cnmys-
ety Subuthin blacke cop s dieated

8 par-
erts dojustas wellincollege as suburban whites with
college-educated parents, olling 2 pooe child in 3
Head Sant peogram doubles his or her chances to be
employed latet inlife: one who com‘pkzcs anUpward
Bound program is four times 33 hike y 1o getacolicge
education, If we're serious, we know what 1o do.

What sbout college and niversity? There are obve
oussieps sumilasto what should be done inhigh schools
salanes foc teachers that ~pproach what they could
getan industry; more scholarships, fellowships and
laboratory equipment; Taboratory serence courses ree
Quued of everyone (0 graduate; ynf speeial aention

314 10 Lhose uadmooﬁly steered away from scknce.

¢ should 3150 provide the financial and moral 2.8
souragement for scademic scxentists to $pend more
tme on public education—tcctures, newipaper and
magazine mxks.TVappwancgs.nnmuueucl-
k 415 o mzke themselves understandable sand funto

110. Tome, )it scems strange that some seientists,
v depend on public funding for their research, are
|
|

Telictant (o explun 10 the public what i i that they
« 9. Forunately, the number of serentists willing to
$peak to the pubhe—ynd C3pably—-has been increas.
wag each year. But there are not yet ncarly enough,
Y Vistually every newspaper in Amencs bas 8 Iy
1suolory column, Hory *wy have a daily scrence
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at

SAGAN
1 1050dge, second byssecond, the approve e e
U'of therr peers, Something has hap-
pencd between tirst and 12th grade, and
X's not just puberty, §'d guess thatat's
partly pees pressure mof to excel (except
mspocts); partly that the society teaches
short-term gratification; panly the im-
peession that scyence of math won't buy
Yyou a sports car; panly that sollml‘e i

P y
are 30 few role models for intetligent
discussion of seience and teehnology or
for leaming for 1ts own sake.

But there's something else: Many
adults are put off when youngsters pose i \
scieatific questions, Chuldren ask why
the Senis yellow, of whatadreamis, of
bow decp youcan dig a bole, oc when1s
*he s birthday of why we haveroes.
100 many teachers and Parents answer
with imunon of ndacule, orquickly move
oato something clse, Why adults should R
peetendtoomnissience before a Seycar-
old, lgm‘x forthe hfe of me understand,

don't know? Chiildren soon recognuze that
somehow this kind of question annoys
many adults. A few more expenences
like this, and another ehild has beea Jost
10 seience,

There are many better responses, If
wehave an idea of the answer, we could
try to explan, 1f we don'r, we could g
0 the encyclopedia or the hibvary.
wemight $ay to the ehld: “1 don’t know
the answer. Khybe noone knows, May
be whea you grow up, you'll be tre first
0 find out.”

Raoxere endouragement 1sn'tenough. «
We must also give ehaldren the tools 1o
winnow the wheat from the chaff, I'm
haunted by the vision of a gencration of
Amensans unable 10 disunguishteality
{rom fantsy, hopefully elutehiag their
<rystals for comiont, unequil gven
tol: he nght g of 5
pize the answers. | want vs to rescue
M. “Buckley™ and the mtlrons fike um.

slsowantus 10 stopturning outleaden,
¢ PR Shtin

focs. 1 think Amenca beeds, and deserves,
2 eitizenry with minds wide awake and .
3 basic understanding of how the world

works
Public understanding of science is
1toour b ity than
halfadozen strategie weapons sysiema.
“The submediocre performance of Amer.
ican youngsters in science end math, and
the widespread adultignorance and apas
thy aboutsesence and math, should sound
an urgent alanm. w

Carl Sagon reaches and dces research
at Cornell University His Emmy and
Peobody Award winming TV scsence see
“ies COSMOS has been seen in more
than 60 countries by 400 million peor
ple.Videocassestes of el 13 epuodes will
beavarlablein storesloter ths yeor from
Turnerllome Entertainment, The occom-
panyng book, “Cosmos,™ Is the bes.
selling scrence book ever published 14
the Enghsh longuage.
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This statement describes the MATHCOUNTS program, a national
math competition for seventh and eighth grade students designed to
increase students' interest and ability in mathematics and to
heighten public awareness of the laportance of math. The National
Society of Professional Engineers (NSPE) is pleased to submit this
statement to the Senate Committee on Governmental Affairs for its

hearing on U.S. science and mathematics education,

NSPE is an interdisciplinary society of 75,000 engineers and
engineering students in 535 chapters and 54 state and te;:ltorlal
societies employed in all technical disciplines and a)l areas of
practice, including education, industry, government, private

practice and construction,

The need for improvements in U.S. math and science education
has been well documented. In math skills, American students trail
discouragingly ochind their counterparts in other parts of the
world. 1If the United States expects to be a strong leader in the
global eccnomy, it is critical that we start now to ensure a
techaically qualified work force. To do so, we must challenge all
aspects of our educational system, from curricula to teacher

training and compensation.

Sim larly, we must find innovative approaches to nromote math
and science as exciting and challenging 2xperiences that lead to

rewarding career opportunities. MATHCOUNTS was created in 1983 in

132
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response to the declining level of math literacy in America. As
noted in 1983 by Ronald Reagan, "We must create a new awareness in
our young people to meet our country's technological needs of today
and tomorrow. We need mathematinians, scientists and engineers.
Prograns such as MATHCOUNTS can hetp to encourage our young people

to develop their math skills."

Analogous in concept to the national spelling bee, MATHCOUNTS
is a national seventh and eighth grade coaching and competition
progranm that fosters enthusiasm and prestige for math achievenent,
The program's success has been possible through the thousands of
corporations, individuals and foundations that support the program
at the local and state levels. MATHCOUNTS has received two

presidential citations as an outstanding private sector initiative,.

It is the fairst nationwide program of its kind, combining the
efforts of education, business, government and the techn-logical
community to promote math cxcellence among Jjunior high school
students. MATHCOUNTS is a cooperative project of NSPE, the CNA
Insurance Companies, the Cray Research Foundation, General Motors
Foundation, the National Council of Teachers of Mathemathics and

KASA.

The program h's three primary objectives, 1) to improve the
quality of math euucation and to broaden mathematies curricula in

seventh and eighth grades throughout the United States; 2) to

)
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elevate the prestige associated with achievement in mathematics;
and 3) to increase awareness among parents, educators and the
general public of the importance of mathematics in our

technological society.

The program builds skills, promotes strategic problem-solving
and brings students together for a lively exchange of mathematical
ideas through competition. MATHCOUNTS is directed at students at
an age when they are formulating attitudes about math and
technology--when they can still elect to take college math courses
in high school to prepare them for future technical careers.
Through MATHCOUNTS, parents, educators and the general public all

are made aware of career opportunities in math.

7Today, MATHCOUNTS programs exist in all 50 states, the
pistrict of Columbia, Guam, Puerto Rico, the Virgin Islands, the
Department of Defense and the State Department school system. Each
year, 7,500 schools nationwide--twice as many since 1983--register
to participate in over 450 local and state competitions. Since the
program began, over 3 million students have been involved in
MATHCOUNTS. We owe this success to the commitment of MATHCOURTS
sponsors and the entausiasm and hard work of more than 15,000

volunteers.

The competition phase of MATHCOUNTS begins in the schools in

the form of a qualifying test. Students are coached in everything
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from basic arithmetic skills to . logic, probability and
statistics, linear algebra and polynomials. Between September and
the national competition in the spring, students and teachers work
together in quizzes and 4rills to develop teamwork and ski'l. They
are then ready to advance to regional and qute competitions which

could lead them to Washington, D.C., and the nationul math finasls.

The MATHCOUNTS program is clos 1y tied with the National
Council of Teachers of Mathematics (NCTM) in develooment of program
materials. Each September, teachers at thousands ot participating
schools receive a MATHCOUNTS handbook which contains study guides
and practice drills. These materials include the most recent
developments in math education. Question writers are experts in
math and are chosen by the NCTM. Each year MATHCOUNTS selects a
special topic that usually is not taught in junior high school,
such as transformational geometry and probability, which gives
st .dents an opportunity %o explore subjects to which they .ould not

normally be exposed.

The MATHCOUNTS program allows students to be identified as
"winners" in an academic event. Competitors are referreu to as
"mathlet2s,"” and, as in sports programs, individuals and teams
receive irophies, plaques or certificates at all levels of
competition. Winning students and coa 1es travel frece to the
national competition., An exciting parc¢ of winning &v the national

level is an expense-paid trip to view a space shuttle l.unch.
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Through publicity, community invelvexzent and a broad base of
participation, MATHCOUNTS increases public awareness of the
importance of math. Major sponsors and NSPE chapters cooperate to
publicize MATHCCUNTS across the nation. As a result of these
efforts, several governors have declared a "MATHCOUNTS Week" in
their states. In order to reach the most students, MATHCOUNTS is
ava:lable to all junior high schools, regardless of their size or
financial status. There is no registration fee for schools or

students, and coaching materials are provided at no charge.

Perhaps the best measure of MiTHCOUNTS’ success 1S to hear
directly froz those involved in the progran. Teachers consistently
report that confidence-building 1s one of the greatest benefits of
MATHCOUNTS. Students who normally might not receive attention for
their math achievenents are rewardes for success in math Just 3S
athletes are recognized for excellence in sports. An 1cportant
r3pect of tne progras is that all sStudents benefit froz the

coach.ng sessiong, not Just Jhote who are likely to compete,

£111 a relatively young progras, MATHCOUNTS 1s corxmitted to
helping reverse the declin:ng level of math achievezent in the
nation's schools. The first mathletes of six years ago are now 1in
college. We are beginning to track these students to determine
their career paths and the impzct MATHCOUNTS has had on their

choices.
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MATHCOUNTS will focus increasingly on the development of
oinority incentive programs, particularly in inner city schosl
systexs. Recognizing that the majority of students who enter math-
oriented careers are male, MATECOUNTS makes a special effort to
invol.e more females in the progracz. In many states, mezbers of
the Socliety of Women Engineers conduct MATHCOUNTS coaching
sessions. As role models, these women encourage girls to pursue
math-related career: MATHCOUNTS also will focus more on the
developzent of coaching workshops to help teachers get the most out
of MATHCOUNTS' programs and paterials.

The United States must have a technically competent work force

to succeed in today's international marketplace. As noted in

Workforce 2000 by Williaxz B. Johnso. zad Arnold H. Packer, "Very

few new jobs will be created for those who cannot read, follow
directions, and use pathematics.™ To this end, we nmust make
izprovezents now 1in cath and science education. By focusing on the

fun of learning math, }ATHCOUNTS is straiving to do its part.

’?S




standards. To influence technical policy. To foster public

understanding of the role of engineering in society and the

134
NSPE MISSION
To serve the public, the profession and the NSPE membership. To
advocate the application of engineering knowledge and skills in the
public interest and in accordance with the highest ethical
licensing of engineers to protect public health, safety and
welfare. To promote the professional, social and economic

interests of NSPE's individual meambers.
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